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FOREWORD

This report describes the inhouse effort conducted in the Mechanics
and Surface Interactions Branch (MLBM), Nonmetallic Materials .Division (MLB),
Materials Laboratory, Air Force Wright Aeronautical Laboratories, Wright-
Patterson Air Force Base, Ohio, uhder the contract #F33615-83-C-5056 with
the University of Dayton Research Institute. '

The work reported herein was performed during the period 1 July 1982 to
31 June 1983. Dr. Stephen W. Tsai (AFWAL/MLBM) was the Project Engineer.

This report is a modified version of AFWAL-TR-81-4073.

The author wishes to express his deep sense of gratitude to Dr. S. W.
Tsai for his extremely fruitful guidance in the course of this work. Figures
1 - 2 and Tables 1 - 7 have been taken from the book, "Introduction to
Composite Materials,"” by S. W. Tsai and H. T. Hahn with their permission.
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SECTION I
INTRODUCTION

‘ ‘This report presents a FORTRAN computer code for the solution of
composite materials problems.* The computer program can conduct the po{nt
stress analysis of general laminates including hybrid laminates. The effect
of hygrothérma] and mechanical loads on the strength of composite laminates
can be studied using this program. The analytical formulas based on the
lamination theory have been used. These formulas are avai]éb]e in Reference 1.
For the sake of completeness, the relevant relations are presented in this
report. A1l the notations used in References 1 and 2 are followed. Plotting
capabilities to investigate the in-plane strength of layered composites
based upon six commonly used failure theories have been incorporated. A
large number of options to obtain failure surfaces are included. CALCOMP
plotter is used.

This manual has been written to provide the users results for their
problems with a minimum of effort. The input instructions are explained in
detail and are supported with examples. Material properties of five well-
known composite materials are stored in the program and can be used by giving
the relevant material name for pure laminates and by giving the material
property identification number for hybrid laminates. The material properties
which are not included in the program can be used through the input data.

In such a case, new material properties will take the storage space provided
for a]kéady—stored material property data; and, therefore, the corresponding
material names or material property identification numbers are to be used for
further calculations in that computer run. The new materials are to be
supplied in SI units, according to the units used in Table 1, while the 6utput
can be obtained in English units. For obtaining results in English units,

a command at appropriate place has to be given. For pure materials, this
command is ENGLISH at the 11th column of the material card and for hybrid
1am1nates, IUNIT = 2 in the $LAYERS card.

On the basis of six commonly used failure theories, the in-plane
strength characteristics of multidirectional composite laminates can be
investigated. In the case of maximum stress and maximum strain failure theories,

*Modified version of AFWAL-TR-81-4073[12]



TABLE 1

MATERIAL PROPERTIES GIVEN IN LAMDATA

LHPI. 1 2 3 4 5 6 7
MATERIAL | T300/5208[ B4/5505 | AS/3501 S%gg%HPLY KEVLAR4S CORE ALUMINUM
PROPERTY | GRAPH/EP | BORON/EP | GRAPH/EP | GLASS/EP | ARAMID/EP

E, (OPa) 181.0 204.0 138.0 38.6 76.0 0.0 63.0
E, (OPa) 10.3 18.5 8.96 8.27 5.5 0.0 69.0 -
v, 0.28 0.23 0.3 0.26 0.34 0.0 0.3

E (0P a) 7.17 5.58 7.1 4.14 2.3 0.0 26.5

o (um/my 0.02 6.1 -0.3 8.6 -4.0 0.01 -

& (um/my/k 22.5 30.3 28.1 22.1 79.0 12.5 -
Bx'mV"D 0.0 0.0 0.0 0.0 0.0 0.0 -
BY(m/m) 0.6 0.6 0.44 0.8 0.6 0.09 -

X (MPa) 1500.0 | 1260:0 1447.0 |1026.0 1400.0 0.09 400.0
X’ (MPa) 1500.0 2500.0 | 1447.0 610.0 235.0 0.09 400.0

Y (MPa) 40.0 61.0 51.7 31.0 12.0 0.09 400.0
Y/ (MPa) 246.0 202.0 206.0 118.0 53.0 0.09 400.0

S (MPa) 68.0 67.0 93.0 72.0 34.0 0.09 230.0
hy (M) . 125E-6 125E-6 1256-6 125E-6 125E-6 0.001 1.0

FOR A SANDWICH CORE IN R LAMINATE LMPI=8.
IES CAN BE GIVEN. THESE VALUES RARE TAKEN FROM

MATERIALS' BY S.W. TSAI AND H.T. HAHN.

IF NECESSARY NONZERO CORE PROPERT-
‘INTRODUCTION TO COMPOSITE



strength prediction of hygrothermal loads are not inciuded. However, one
can calculate that on the basis of mechanical and nonmechanical stress and
strain components calculated for other failure theories, or for these
failure theories.

A Tist of other computer codes for composite Taminate analysis developed
at the Air Force Wright Aeronautical Laboratories, Materials Laboratory is
given in the Appendix.




SECTION II
STIFFNESS PROPERTIES

1. UNIDIRECTIONAL LAMINATE STRESS STRAIN RELATIONS

The stiffness of unidirectional composites can be defined by
appropriate stress strain relations. These relations can be expressed
in terms of engineering constants, compliance components or modulus
components. A detailed treatise on mechanics of composites is given in
Reference 1. For completeness the relevant relations are given in the
present report. All the notations used in Reference 1 are followed in this
research. | |

The two key stress strain relations for a unidirectional composite
are given in Tables 2 and 3:

TABLE 2
ON-AXIS STRESS STRAIN RELATIONS - COMPLIANCE

s, 7, o
€x Sxx Sxy
S
€y Syx vy
€ SSS
TABLE 3

ON-AXIS STRESS STRAIN RELATIONS - MODULUS

.Ex (ey SS
Oy Qxx Qxy
y Qx Qy
O st
-4



In the foregoing matrix multiplication table, each value in the first
column is equal to the sum of products of corresponding row elements
with their column headings. This rule should be self-evident.

{o,s O, os} = {Longitudinal, transverse, shear}
X Y stress components in the xy - plane
e, e.s €.} = {Longitudinal, transverse, shear}
x>y s stress components in the xy - plane
Qij = Modulus components
Sij = Compliance components
Sxx‘ = 1/Ex
Syy ) l/Ey
Sxy = Y/E
Syx - Vy/Ey
Sss N 1/Es -
G W
Qy ] mEy
Qxy = mEX\)y
ny = mEyv_X
st - Es
m = 1/(1—vyvx)
where
EX = Longitudinal Young's modulus
Ey = Transverse Young's modulus
€
vy = Longitudinal Poisson's ratio = --EX
: X
_ : ’ - . €
Y = Transverse Poisson's ratio = -
y y
. 9
ES .= Longitudinal shear modulus =<
3




A1l the material constants of the stress strain relation shown previously
are called engineering constants. They are the familiar constants used.
for conventional materials with subscript added to denote directionality
of properties. Thus, the use of engineering constants will often
facilitate the use of composites for structural applications. However,

it has been found more convenient to use compliance and modulus components
of multidirectional composites. In Equation 1 Sij are compliance compo-
nents and Qij are modulus components.

Subroutine MODULS calculates the modulus matrix Qij'

2. TRANSFORMATION OF STRESS AND STRAIN

The change of stiffness of unidirectional composites as a functiun
of ply orientation is é unique feature of composites. These orientational
vériations of stress and strain are the fundamental underlying issues which
must be undebstood. The relations goverhing these variations are called
transformation equations and are given in Tables 4 and 5:

TABLE 4
STRESS TRANSFORMATION RELATIONS
o c! o
1 2 6
Ox m? n2 2mn
Oy n2 n2 L2mn
o Lmn mn *m2 -n?
,Mm = cos6, n = sind
TABLE 5
STRAIN TRANSFORMATION RELATIONS
&1 32 eé
€'x m? | n? mn
2 2 -
¢y n . m mn
€ L2mn 2mn m2 -n2
6




Where Ops Ops Op are off-axis stress components, Ty cy’ ogs are

transformed on-axis stress components and © is the angle of counter-
clockwise rotation of the on-axis laminate (Figure 1).

Y

—=X

Figure 1(a). Material Symmetry Axis of a Unidirectional Composite

Figure 1(b). Off-Axis Configuration of a Unidirectional Composite,
Counter Clockwise Rotation Is Positive

Similarly ¢4, €,, ¢, are off-axis and e_, €, €_ are on-axis strain
1° 72° 76 _ x> "y* s

components.

Subroutine TRS ca];ulates the transformed stress components.

Subroutine TRE calculates the transformed strain components.




3. OFF-AXIS MODULUS

Because the composite laminates are made of off-axis and on-axis
plys, the stiffness of off-axis ply orientation must be understood. The
off-axis modulus of a ply can be determined in three steps: (1) the off-
axis to on-axis strain transformation, (2) the on-axis stress strain
re1at1on and (3) the on-axis to off-axis stress transformation. This
process is initiated by a given strain in Figure 2(a) and eventually
leads us to the induced stress in Figure 2(d). The three transformations
mentioned above, when combined together, will yield the required off-axis
modulus and off-axis stress strain relations for arbitrary angle of

rotation. : :
U e s o
;.Eb Ex \\7’ x - O
ZZ\ 3 ;“9 NI 6
“ / V4 E\ &< E\ ' ‘
+ ;\ ‘\ w¢
et 9 a
(g) —> (b) T (c) —> (d)
OFff- Axis On=-Axis" 7" On- Axis Off -Axis
Strain Strain Stress Stress
l 9 j
hj=1,2,6

Figure 2. Determination of Off-Axis Modulus

From (a) - (b): Use positive angle © strain transformations
From (b) - (c): Use the on-axis stress strain relations in modulus

“From (c) - (d): Use inverse stress transformation.

Following the above tranformations and making some mathematical
simplifications, off-axis stress strain relations can be obtained,
i.e., Table 6.




TABLE 6
OFF-AXIS STRESS STRAIN RELATIONS

€ € £
1 2 "6
(o} ' .
11 Q12 ’ Q16
o ] '
21 Q22 26
& . Q
61 62 66

The off-axis modulus components are given in the matrix form shown in

Table 7.

Where

TABLE 7
MODULUS COMPONENTS Qij

»

1 ' u - : U

2 3

Q .U c0s26 cos4e
11 1 .

Q2 Uy 2c0s26 cos4do
le ‘UL,_ - =cosée
066 U5 ' . =-cosds
Q16 ! %—sinZe sinde

- Qo6 1 . S
‘ 5'51"29 ~-sinde

(3, +3Q,, + 20, +4q,,) /8
@ - Q) /2

(O + Uy - zQx& - 4Qg,) /8
(Q, + Qy *+ 6Q,, -40..) /8
<QXX ' ny ) 2Qxy.+ eqss) /8

. (2)



4. MODULUS AND COMPLIANCE OF GENERAL LAMINATES

According to the classical laminated plate theory, the strain
~ components are considered to vary 1inear1yma19pgwfhe thickness of the

. . J
laminate, i.e., - ‘
‘ g_(z) = eo + zk
1 1 1
= 0 +
62(2) e, Zk2 (3)
e (z) = +zk
6 6 6

. ,

where ¢ (i = 1,2,6) are mid plane strain components and ki (i=1,2,6) are
i

the corresponding curvatures.

A general laminate may contain plys of the same material or different
materials (hybrid). The effective modulus of the composite laminate is con-
sidered to be an arithmetic average of the modulus of the constituent plys.
Simple formulas can be derived to compute the effective stress strain
re]atiohship in terms of the modulus of constitdént plys. The stress strain
re]ation for a general 1aminate is given by:

—" pa— - o e ! N
A B B B el N
Nl o A12 16 11 12 1el| | 1
' N
‘ B B B g9 N
N, A21 Azz Aze 21 22 26] | 2 2
N = A A A B B B | [eo N
6 61 62 66 61 62 66[ |6] = |8
} , . X
D D k M

M B | TR PR TS I 1 (4)
M b bp b ||k uN
2 21 22 26| |2 2
M D D D K mN
6 61 62 66 6 i

S . p— ——

where Nis Nz’ N6 are stress resultants over the thickness (h) of the
laminate and Mi, M2 and M6 are corresponding moment resultants. These

parameters are defined as follows: R
h/2

Ni = I Xop dz

-h/2

-~ 10




h/2

QIJszdz (i*& j =1,2,6)
- /2
or
.= 0 4 ' |
N = Aiges * Bk (5)
and h/2
M] =J ‘O-'i ZdZ
~h/2
or
h/2 ' h/2
_ 2
M; l | Q1J€JZdZ . i digkr ez
-h/2 -h/2 T
- or
Mi = Bis€5 * Pigk; | - (6)
h/2 |
NN J Q. e dz
i 1373 (7)
-hy2
h/2
N _
My = I Qiy &5 292
-h/2
e; = 8Ta; + By (i=x,)
e, = 0

1 Where h is the thickness of the laminate and e, (i=x,y,s) are nonmechanical
strain components, oy and B; are coefficients of thermal expansion and

- swelling éoefficients respectively, AT is the'temperature difference and

n.



¢ is the moisture contents, _In the foregoing relations the summation over
the range of repeated subscript will be understood, Figure 3 shows a
reference frame for numbering the layers, The detailed explanation to
‘these equations 1s given in Reference 1,

Subroutine NMSN calculates the nbnmeéhanica1 strain components for each
layer,

Subroutine MOLS calculates the effective inplane modulus matrix A, effective
flexural modulus D, coupling matrix B, nonmechanical stress, and moment

. resultants,

‘The constitutive equations (Equation 4) can be rewritten in the following

form:
g @ Bl N+ N
k| @7 os Mo+ N (8)
N\
where
-1
o = Inplane compliance = a + aB (91§9§) ‘53
-1
B = Coupling compliance = -aB (D-BaB)
-1
8 = Flexural compliance = (D-BaB) )
-1
a = A

It has been shown (Reference 2), that the use of normalized quantities in
"the stress strain relations is very helpful in understanding the variation
"in effective material properties of composite laminates due to the

12
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change in ply properties, orientations or volume fractions.
following normalization has been suggested:

5, wm

N*a...].'.... vN\
- h
_ b
*:_—_.. M
L
Ko X
=== B
12
* = oo
=<5 2
_ 2
K 2
o= hy
__h?
g7 &
.o b
s
a1
- h
W e N
- 2‘-"

The

(9)

With the aid of these normalized parameters the stress strain relations

(Equation 4), reduce to the following form:

] [ ed [ed] W™
(SN = e~ [ "" - ‘f‘N*
M 3B* DM |k* M

N

. - - *
’and e (-9&* 1/3 o [N* + \N\N v
: = T bl i '
| L N G O N
L e ) - ] . (VLN
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In these equations, the multiplying factors 3 and 1/3 are consequent to

the normalization factors defined in Equation 9, The well known Kirchhoff's
assumption in classical platé theory of the Tinear strain distribution along
- the ply thickness, can be stated as:

€. = e. + z*k* (i=1,2,6) ' (12)
i i i

where z* = 2z/h and -1<z*<1

Thds, all the equations required for computingvthe effective modulus matrix

are given. :

5. INPLANE AND FLEXURAL ENGINEERING CONSTANTS

a. Inplane

The inplane stress strain relation can be written in the
following form:

| or 1

€ = a* N* , a* = (&*)‘

The typical effective engineering constants are given by:

Inplane longitudinal modulus = E: = ]/aY1~
\

Inplane transverse modulus = E: = 1/a*2
Inplane shear modulus = E* = 1/a*

6 Y

. a*_'

Inplane Poison's ratio = vt = . —;—3

21 M




b. Flexural

The moment-curvature relation can be written as:

=
*
t

= D* k*

or -1
k* = d* M* , d* = (D*)

The typical effective flexural engineering constants are given by:

f
Longitudinal Young's modulus = El ?-]/dfl

Transverse Young's modulus = E: = 1/d;2

Shear modulus = Ef = 1/d*
6 66

Poisson's ratio = uf = «d* /d*
21 120 11

In unsymmetric laminates, the effective stress strain relations and moment
curvature relations will not be uncoupled, Therefore, in those situations
the effective inplane and flexural engineering constants may not give

much meaningful information,

6. MATERIAL PROPERTIES FOR FINITE ELEMENT ANALYSIS

The theory used in this report is based upon Kirchhoff's classical
plate theory. For the stress analysis of composite laminates by finite
element general purpose computer code, NASTRAN, the effective modulus
matrix Aij/h is used, In the NASTRAN material property input data card
MT2, the numerical values are given such that the notation Gij in the
NASTRAN manual represents the effective modulus Aij/h in this report.

16




SECTION III
FAILURE THEORIES

Figure 4 shows the failure criteria survey response obtained by the AIAA
composite materials subcommittee [3]. On the basis of this response we have
chosen maximum stress, maximum strain and quadratic polynomial (Tsai-Wu [4],
Chamis [5], Hoffman [6], and Hill [7]) failure criteria for a comparative
treatment in this work. Reference 8 gives an extensive survey of failure
theories. The theories considered in this investigation are g1ven in {9,10,11].
For comp]eteness these theories are restated here

Maximum Stress . Maximum Strain
5, < X ex_{—E’SX-
6in eyi-%
o < S eg < éi

Failure occurs when one of the equalities is met.

Quadratic Polynomial

Four quadratic polynomial failure criteria given in Table 8, have been
considered. 30 S

FAILURE CRITERIA USED

N
(=]
|

v
i

% OF REPLIES

o
T

° MAXIMUM MAXIMUM PRINCIPLE STRAIN STRAIN TSAI-HILL TSAI-WU OTHER
STRAIN STRESS STRAIN INTERAC— ENERGY
TION RATIOS DENSITY

Figure 4. AIAA Failure Criteria Survey.
7



+The values within the parenthesis are used when the corresponding stress

QUADRATIC POLYNOMIAL FAILURE CRITERION

TABLE 8

\‘Sriteria
Parame teN Tsai-Wu Chanmis Hoffman Hill
Equation 0 Fo+F Lo=1 0 Fo=1 O Fo+F Lo=1 o Fo=1
1 1,14 1 1
F o 51 (=3) e -
XX XX X2 X' XX X2
|
Fyy 7 w - RN %
¥y | Y
RV * 1/ % % \f
ny ny FxxFyy ny FxxFyy ny xxFyy ny FxxFyy
Material 1 Jjyy' 1Yy
* - x <1t L ojyy _1ly
ny 1< ny< 1 Property-'-H 2 VX7 2 X
. 1 1 L 1
ss S2 SZ SZ SZ
F 1.1 I_1
x X X X X'
. 11 1.1
y Y Y' Y Y'

component is compressive.

++In the Tsai-Wu criterion F;y is taken to be -1/2.

+++In Chamis criterion F;y varies from material to material. For .T300/5208

*
ny

= -.7.

X = Longitudinal tensile strength

X' = Longitudinal compressive strength

Y = Transverse tensile strength

Y' = Transverse compressive strength

S = Longitudinal shear strength

‘_0 - 0 FSSJ

-
Q
1}
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A superscript T denotes transpose of the matrix and the subscripts x, y
and s denote, respectively, longitudinal, transverse and shear directions,
E denotes the Young's modulus of the ply. The quadratic polynomial failure
criterion, through the use of the stress strain relations, can be expressed
in strain space as follows: |

eTGe + éTe

1 B (13a)

where the elements of matrix G and Vector éT arévdependent‘upon the ply

modulus matrix Q;;, and F,, and F, of Table 8 and

J

X

For the computation of the failure envelopes in the qr space the following
definitions are used: '

p. = (g +¢,)/2 p, = (07 + 0,)/2
' qe =>(€1 - E2)/2 qd = (0.l - 0’2)/2
r = 86/2 o ' | r. = o

where €. and o, are stress and strain components in the laminate axes.

Chamis, Hoffman and Hill criteria can be deduced from Tsai-Wu failure

criterion by using different values of F; and appropriate X, X', Y and Y'
as given in Table 8. Y

According to the quadratic polynomial failure criterion the failure
surface in strain space, equation 13a, is represented by the following
quadratic equation:

G e. + G'IE'I =1 (1,\] = x,y,s) (13)

15515
where nonzero coefficients Gij in the foregoing equation are given by

19




2 . 2
XX Fxexx * 2nyQxexy +Fnyxy
2 2
+2 +F
ny FXXQXY FXYQXyny nyyy

[

_ 2
ny - Fxexexy +ny[Qxeyy+Qny + F&yoxyqyy
. 2 _ 2 . (14)
Gss - Fssts " (st/S)
Gy = FxQxx+Fnyy
G, = F.Q +F.Q

+
y XXy yyy

Subroutine FAILCO computes the coefficients Gij and Gi in Equation 13,

Equation 13 can be written in the following expanded form:
2 ) 2 2
’GXXEX+ nysxey + nyey + GSSES

'*Gx€x+Gyey = ] (15)

With the knowledge of applied stress or strain, the above relation will
enable the designer to predict if the structure is going to survive or
fail. This relation becomes easier to use if we introduce a strength ratio

- parameter R defined by:
‘ - eM = R SM
allowed imposed (16)

Here, the superscript M denotes the mechanical strain, The strains that
must satisfy the failure criterion are:

€ilallowed - E:‘I‘]aﬂowed * S? " &

N eﬂ * EE " &
vty T ey (17)
324 + 82

The superscript N denotes nonmechanical strain, e, and e‘y are longitudinal

and transverse strain components in the ply axis. Using Equations 16 and
v 17, Equation 15 is given in the following form:

20



e oo N
a M N M

ij.(R e + ey —_ei) (R_ej + €5 " ej)
f v ReMe e o) = o (18)
F G Regtey -6

W1th a]gebra1c rearrangements th1s equat1on reduces to:

aRZ+bBR+cC=0 o (19)

. Where a, b and ¢ are coefficients of R2, R and 1 in Equation 18 ahd'are

dependent upon the material properties of the laminate and apb]ied loadings,
The roots of this equation give the strength ratios R and R™, where R™
denotes the reversed load strength ratio.

Subroutine FSFTY computes the strength ratios R and R”, However, _
in the print output only R has been given, A parameter R/h that corresponds

-7 ito the strength of the ply (in case of a unit applied stress resultant

~Ni’ i=1,2,6) has also been given in the print output, "Since on variation
;of ply number or orientation in a laminate the total laminate thickness
may vary, thus the introduction of R/h will be helpful in understand1ng

the strength of d1fferent laminates,

For Cham1s criterion, when nonmechanical loads are included,
‘the signs of mechanical stress components govern the choice of F

“and F... of table 8. This can be changed to 1ncorporate the resu]tant

yy
fp1y strains in subroutines FSFTY and STRNG.

% {1
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FLOW DIAGRAMS FOR DIFFERENT SUBROUTINES

23




Subroutine MODULS: Calculates ply on axis modulus

Eng'g Const.

Table 3 l

Qij

Eqn. 2

4

Invariants
Ui

Subroutine TRS:
Stress transformation

o, 8,i=1,2,6

Table 4 l

o;, i%X,Y,S

.24

Ox » €

///// ’ O €

- Subroutine TRE:

Strain transformation

€,0 i=1,2,6

Table 5 l

€ ,i=x,y,s




Subroutine MODCM: Ply off axis modulus

Eng'g Const.
6

MODULS

Ui | 8

Table 71 | | ////// @ | |

Q;; (8)

Subroutine NMSN: Ply nonmechanical strain

AT,c




Flow Chart for inplane nonmechanical strain

i=lb

AT,c

/

Ply Data

NMSN

ex’ey

MODULS

i

26
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Subroutine MOLS: Effective modulus and nonmechanical loads

( NNL,h

zZ;, For.
"Each Layer

i=1,NNL

g

Ply Data

MODULS

Uj aQij

Mooc:/ wsn |

MIDSURFACE

1.

Q;; (8)

€ n°'iN

N

/

Aij :Bij» Dij
NN, MY

NNL = Number of layers in the laminate.

=n

6,



Flow chart for each ply strength in general laminates.

Ny:M,

N N\ INVRS
A,B,D,N" M

C

eo'hjﬁ ,k:‘
8, "\ _TRE
J }
[ e? (8))-e,
JTRE
e'(e)

lFSFTY

i=l, NNL

NNL=n
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Program Main

Mtrl Prop |——> Ply Data

|

Load, Mech.
Nonmech.

JMODULS

MOLS

A,B,D

- INVRS
8,21, 24 | '{

R(z;),R{z, )
(= NNL i i+

! |
‘FR(Z' ),'h" R(Zi_H




APPENDIX A
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HOOOOOODOOO0O0OO0O00O000000

INTEGER TITL(4)4CASE9PARAMgPARAM1IoPARAM2sPARAMI¢MATRIAL UNITS

DIMENSION
DIMENSION
"DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION

PLNM(40)¢T(3)

ZERO(3¢3)9DUM(343) ¢DUMI(343)
UCS)aDUT(393)¢HSC41) 9 ANC3) 9 AM(3)
DULC343)4DU2(343)9DU3(2343)¢DUL(343)9DUS(343)
ES11(40)9ES22(40)4VS12(40)¢6S12(40)9SB1(393)9SB2(343)
SXCC40) ¢SXLC40) gSYLCA40)9SYC(40)9SXLTC40)
SB3(393)9HLC(40) 9 HTC40) 9 TLC40) 9 TT(40)9P(3)9SH(B)
EXC8) 9EY(8) g VX(8)oES(8) oALFX(8)9ALFY(8)¢BTAX(B)
BTAY(8)9X(8)y XD(8)oY(8)y YD(B)¢S(8)4LMPI(40)
QC393)9A(393)9HLC40) 9 TH(40)¢SFLC40)4QQ(3)
NAMES(17)

NEWNC3)

COMMON /SF/SFLeCOUNT

COMMON /BLH/ HeHI

COMMON /BLM/ PARAM24PARAM3
COMMON/BLK/HLCoHToTLeTT
COMMON/SBS/SB1¢SB2¢SB34PeQQeDTeC

COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
NAMELIST
*SH

JUNIT/ IUNIT

/BLK1/ SXL¢SXCeSYLeSYCeSXLTeHL

/TIT/ TITL

/BKKI9/7 PXXePXXIgPYYePYYIoYULSIT

/BLK2/ ES114ES224VS124GS12¢NNL

/DTA/ EX9EY.VX9ES,ALFX;ALFY;BTAXgBTAY,XoXDqY,YD,S’SHqNNM
/MPIL/ LMPI

/8LDU/ DU24DU44DUS4DU7
/LAMDATA/NNMoEXeEY g VXoESeALFX9ALFY9BTAX¢BTAY 9X9XDsYeYDoSy

NAMELIST/LAYERS/NNLoLMPIoTH9PLNMoIUNIToDToCoNLDCN
NAMELIST/LAYER/NNL9THePLNM9DToCsNLDCN

NAMELIST /STRESS/ ANsAM

DATA NAMES/THINITIAL ¢6HTHEEND99HTRANSFORM96HSTRESSe6HSTRAIN
*THMODULUS910HCOMPLIANCE ¢ 6HMODCOM 9 SBHLAMINATE ¢ THINPLANE ¢4HPURE

*6HHYBRID9 THGENERAL ¢ BHSTRENGTHy 4H

9 10HSTRNGTHPLT ¢ THENGCPLT/

DATA NEWN/B8HNEWMTRLS¢2HSTI ¢ 7THENGLISH/

22 2222 2222222222222 222322232223 32232 2222332222222z

*
*
*
*
*
*
*
*
*
*
*
*
*
*
*

A COMPOSITE LAMINATE ANALYSIS PROGRAM
DEVELOPED BY

SOM Re SONI
UNIVERSITY OF DAYTON
RESEARCH INSTITUTE
300 COLLEGE PKo
DAYTON OHIO 45469
TEL. # (513) 255- 6809
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WRITE 1003
WRITE 13
1001 FORMAT(SXe*A COMPOSITTE LAMINATE ANALYSIS PROGRAM®)
CALL LMDT
1002 FORMAT(SXe*DEVELOPED BY=*e/9e
1S X ¢*SOM Re SONI*xe/ o
25X e *UNIVERSITY OF DAYTON RESEARCH INSTITUTE+*e/s
I5XexDAYTON OHIO 4546S%4/
45X ¢*FOR QUESTIONS CALL 513-255-6809%4/) .
1003 FORMAT(SX+*MATERIAL PROPERTY DATA®)
WRITE 13
DO 303 I=143 .
‘DO 303 J=143
ZERO(I¢J)=0a
303 CONTINUE
706 FORMAT(7F10.3)
799 CONTINUE
IUNIT=2
WRITE 711
711 FORMAT(1H1)
READ TO004(TITLC(I)eIZ144)
IFCTITL(1) EQe NAMES(2)) STOP
IFCTITLC(l) ~EQe NEWNC1)) READ LAMDATA
IFCTITLCL) +EQe NEWNC(1)) GO TO 799
‘ PRINT LAMDATA
700 FORMAT(6A10)
IFCTITL(1) +EQe NAMES(2)) GO TO 902
IF(TITLCY) +EGe NAMES(9) +ANDe TITL(2) .EQe NAMES(10)) GO TO 722
IFCTITLC(1) +EQe NAMES(9) +ANDe TITL(2) oEQe NAMES(13)) GO TO 723
IFCTITLC(L) o+EQe NAMES(3) JANDe TITL(2) +EQe NAMES(4)) GO TO 724
IFCTITLCL) +EQe NAMES(3) <ANDe TITL(2) o EQe NAMES(S5)) GO TO 725
IFCTITL(1) oEQGe NAMES(3) +ANDe TITL(2) EQe NAMES(E)) GO TO 728
IFCTITL(L) oEQe NAMES(3) +ANDe TITL(2) +EQe NAMES(T)) GO TO 726
‘ IF(TITLC(1) «EQe NAMES(3) JANDe. TITL(2) .EQGe NAMES(8)) GO TO 726
724 CONTINUE
READ 701e (ANC(I)9eI=143)e THETA
701 FORMAT(4F1043)
WRITE 702¢THETA
702 FORMAT(5X¢*STRESS TRANSFORMATION THRU *¢gF7e¢2¢2Xe*DEGREES*x¢/910Xy

o> SIGMA1 SIGMA2 SIGMAG*)
WRITE 13
WRITE 7039 (ANCI)eI=143)

703 FORMAT (SXe¢*GIVEN *¢3F103)

CALL TRS(ANsTeTHETA)
: WRITE 704¢(T(I)eIz=143)
704 FORMAT(S5X ¢ *TRANSFORMED *93F10.3)

WRITE 13
GO TO 799

12% CONTINUE
READ 701y (AN(I)eI=143)e THETA
WRITE 705¢THETA

705 FORMAT(5Xe*STRAIN TRANSFORMATION THRU *¢gFT7e2¢2Xe*DEGREES*9/¢10Xy
ok EPSLN1 EPSLN2 EPSLN6E*)
WRITE 13
WRITE 7039 (ANC(I)sI=143)
CALL TRE(ANSToTHETA)
WRITE 7044(T(I)eI=143)
WRITE 13
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60 T0 799
726 CONTINUE
READ 700¢MATRIALGUNITS
IFCUNITS oNEo. NEWN(3)) IUNIT=1
CALL MINP(MATRIALLLI)
IF(LI .EQe 8) READ 7O069EXCLIDGEY(LI)oVX(LID)SESCLI)9TH(1)
IFC(LI «LTs 8) READ 7064TH(1) ’
NNL=1
- LMPI(1)=L1
PLNM(1)=1,
CALL MTDM(PLNMyPMoGMgPMIoTPI)
* CALL MODULS(ES11¢1)9ES22(1)¢VS12(1)¢6S12(1)9QeV)
CALL MODCM(TH(1)+UsSB1)
CALL MTAD(ZEROs SB14SB24PMI)
CALL MTAD(ZERO+QeSB3¢PMI)
IFCTITL(2) +EQe NAMES(7)) 60 TO 727
WRITE 7074TH(1)
707 FORMAT(5Xe*MODULUS TRANSFORMATION THRU *¢F7e2¢* DEGREE ANGLE®)
‘ IFCIUNIT oNE. 1) WRITE 713
IFC(IUNIT <EQe 1) WRITE 712
712 FORMAT(30Xe*(GPA)*)
713 FORMAT(30Xe*(14F+06 PSI)*)
WRITE 13
WRITE 709
709 FORMAT(5X¢*MODULUS OF THE MATERIAL*¢10Xe¢*TRANSFORMED MODULUS*)
WRITE 13
CALL WITE1(SB34SB2)
WRITE 13
IF(TITL(2) +EQe NAMES(6)) GO TO 799
7217 CONTINUE
CALL INVRS(SB34DUM)
CALL INVRS(SB2sDUM1)
CALL MTAD(ZEROsDUMsDU1+1000.)
CALL MTAD(ZERO¢DUM14DU2+1000.)
WRITE 708y TH(1)
708 FORMAT(S5X¢*COMPLIANCE TRANSFORMATION THRU *¢F7e29¢* DEGREE ANGLE*
o) :
IFCIUNIT .EQe 1) WRITE 714
IFC(IUNIT «NEes 1) WRITE 715
T14 FORMAT(30Xe*x(1/TPA)*)
715 FORMAT(30Xe*(1,0E-09/PSI)*)
WRITE 13
WRITE 710
710 FORMAT(5X ¢*COMPLIANCE OF MATERIAL*913X9*TRANSFORMED COMPLIANCE=®)
WRITE 13
CALL WITE1(DU1,DU2)
WRITE 13
GG 70 799
722 READ 7004CASE9PARAMePARAM19PARAM24PARAM3
TITL(4)=CASE
IF(CASE +EQ. NAMES(12)) GO TO 731
IF(CASE «NE. NAMES(11)) STOP "ERROR IN MIND"
CALL LMNT(NNL oNLDCNoTHoLMPIo+DTsCosPLNM)
CALL MTDM(PLNM¢PMoGMoPMIsTPI)
CALL MOLS(THyHL4HS)
CALL INVRS(SB1l,A)
CALL MTAD(ZEROsA9DUMH)
CALL MTAD(ZERO¢SB1¢DUM1¢HI)
CALL NORM(PMI¢ZERO4DU14DU24DU3¢DU4ePARAM)
CALL NORMI(TPIsAoPARAM1)
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731

723

732

902

G0 TO 799

CONTINUE

CALL LMNT(NNLoeNLDCNsTHeLMPI 4DToCoePLNM)

CALL MTDM(PLNMoPMyGMePMILTPI)

CALL MOLS(THesHLeHS)

CALL INVRS(SB1l,sA)

CALL MTAD(ZEROeA9DUMsH)

CALL MTAD(ZERO¢SB140UM14HI)

CALL NORM(PMIoZERO9DU14DU29DU34DUG4PARAM)

CALL NORMI1(TPIsA4PARAMI)

IF(PARAM2 .EQe NAMES(14)) CALL STRNG(THeHSe¢PMsNLDCN)
IF(PARAM2 +EQe NAMES(16)) CALL STPLT(THyHSePMePLNM)
IF(PARAM3 «EQe NAMES(17)) CALL PLTEN(THeHLeHS4PMI4ZERO$PLNM)
GO0 TO 799

READ 700¢CASEPARAMyPARAM14PARAM2

TITL(4)=CASE

IF(CASE «EQ. NAMES(12)) GO TO 732

IF(CASE oNE. NAMES(11)) STOP "ERROR IN MIND"

CALL LMNT(NNLoNLDCN¢THeLMPI¢DToeCoePLNM)

CALL MTDM(PLNMesPMoeGMoPMIoTPI)

CALL MOLS(THsHL4HS)

CALL INVRS(SB1lsA)

CALL MTAD(ZEROsA+DUMsH)

CALL MTAD(ZEROsSB1¢DUM14HI)

CALL NORM(PMI¢+ZERO«DU19DU2+DU39DU4sPARAM)

CALL NORMI1(TPIsA+PARAM1)

IF(PARAM2 +EQe NAMES(14)) CALL STRNG(THsHS9ePM¢NLDCN)
IF(PARAM2 .EQ. NAMES(16)) CALL STPLT(THeHSePMePLNM)
IF(PARAM3 +EQe NAMES(17)) CALL PLTEN(THoHLoHS¢PMI9ZERO9PLANM)
G0 T0 799

CONTINUE

CALL LMNT(NNLsNLDCNgTHoLMPI¢DTo+CoPLNM)

CALL MTDM(PLNMyPMoGM4PMISZTPI)

CALL MOLS(THeHL¢HS)

CALL INVRS(SBl,A)

CALL MTADC(ZEROsAsDUMsH)

CALL MTAD(ZERO¢SB19DUM14HI)

CALL NORM(PMI4ZERO4DU14DU2¢4DU3+DU4ePARAM)

CALL NORM1C(TPIsA¢PARAM1)

IF(PARAM2 EQe NAMES(14)) CALL STRNG(TH4HS4PMgNLDCN)
IF(PARAM2 +.EQe NAMES(16)) CALL STPLTC(THeHSePMePLNM)
IF(PARAM3 .EQGs NAMES(17)) CALL PLTENCTHoHLoHS¢PMI4sZERO4PLNM)
GO TO 799

CONTINUE

WRITE 13

STOP

END
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SUBROUTINE ADJUST(ICNDeSFLNeSPLC4AN)
INTEGER CRITRIA9SPACEPLANE

DIMENSION STX1(200)9¢STY1(200)¢SCX1(200)4SCY1(200)
DIMENSION STX2€200)¢STY2(200)¢SCX2¢200)¢SCY2(200)
DIMENSION STX3(200)¢STY3(200)¢SCX3(200)¢SCY3(200)
DIMENSION SFLN(40)4SPLC(40)9AN(3)4NAME(2)
COMMON /ST1/ STX14STY19SCX14SCY1eNSF1
COMMON /ST2/ STX2¢STY24SCX2¢SCY24eNSF2
COMMON /ST3/ STX3¢STY34SCX39¢SCY3¢NSF3
COMMON /CRIT/ CRITRIA+SPACEsPLANESFS12
DATA NAME/2HQR¢6HSTRESS/

IF(PLANE oEQe NAME(1)) 60 70O 1
STX1C(ICND)I=SFLN(NSF1)*AN(1)
STYICICND)=SFLN(NSF1)*AN(2)
SCX1(ICND)=SPLC(NSF1)*AN(1)
SCY1(ICND)=SPLCU(NSF1)=*AN(2)
STX2(CICND)I=SFLN(NSF2)*AN(1)
STY2CICND)=SFLN(NSF2)*AN(2)
SCX2CICND)=SPLC(NSF2)*AN(1)
SCY2(ICND)I=SPLC(NSF2)*AN(2)
STX3CICND)=SFLN(NSF3)*AN(1)
STYSCICND)=SFLN(NSF3)*AN(2)
SCX3(ICND)=SPLC(NSF3)*AN(1)
SCY3(ICND)=SPLCINSF3)*AN(2)

RETURN

CONTINUE

SQ2=SQRT(2.0)

SQ@3=8Q2

IF(SPACE .EQe NAME(2)) S@3=1./S62
STX1C(ICND)=SQ2*SFLN(NSF1)*AN(1)
STX2(ICND)=SQ2*SFLN(NSF2)*AN(1)
STX3CICND)=SQ2*SFLN(NSF3)+*AN(1)
SCX1C¢(ICND)=SQ2+«SPLC(NSF1)*AN(1)
SCX2(ICND)=SQ@2*SPLC(NSF2)*AN(1)
SCX3C(ICND)I=SQ@2*SPLC(NSF3)*AN(1)
STYIC(ICND)=SFLN(NSF1)*AN(3)/SQ3
STY2(ICND)=SFLN(NSF2)*AN(3)/SQ3
STY3(ICND)=SFLN(NSF3)*AN(3)/SQ3
SCY1(ICND)=SPLC(NSF1)*AN(3)/SQ3
SCY2(ICND)=SPLC(NSF2)*AN(3)/SQ3
SCYS(ICND)I=SPLC(NSF3)*AN(3)/SQ3

RETURN

END

SUBROUTINE AMAX(XXeNNgAMX)
DIMENSION XX(10)

AMY=XX(1)

DO 1 I=14NN

IF(XX(I) «GEe AMX) AMX=XX(I)
CONTINUE

RETURN

END
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SUBROUTINE AMINC(XXeNNeAMNsIK)
DIMENSION XX(20)

AMN=XX (1)

DO 1 I=14NN

IF(XX(I) «LEe AMN) GO TO 2
GO TO0 1

AMN=XX(T)

IK=1

CONTINUE

RETURN

END

SUBROUTINE COEF(G96B9GSeGSBeTHET)
DIMENSION G(393)9GB(3)96S(343)9GSBI3)9U(S)

CALL US(GsU)

CALL MODCM(THEToUsGS)
H1=(GB(1)+GB(2))/2.
H2=(GB(1)-GB(2))/2.
TH2=24*THET
C=COSM(TH2)
S=SINM(TH2)
6SB(1)=H1+H2*C
GSB(2)=H1-H2=*C
GSB(3)=H2*S

RETURN

END
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SUBROUTINE FAILCO(E+QeXoeXDeYoYDeXLT9eGo6GB)

INTEGER CRITRIA4SPACE¢PLANE

DIMENSION E(3)4E1(3)

DIMENSION G(343)9G(393)9F(343)4GB(3)¢yFB(3)eC(343)
DIMENSION NAME(6E)

COMMON /CRIT/ CRITRIA+SPACE+PLANEFS12

DATA NAME /7HTSAI WU97HHOFFMANg4HHILL ¢6HCHAMIS¢6HSTRAING6HSTRESS/
XL=X

XC=XD

YL=Y

YC=YD

IF(CRITRIA +EQe NAME(1) «ORe CRITRIA +EQe NAME(2)) GO TO 1
IF(CRITRIA +EQe NAME(4)) GO TO 2

XC=X

Yc=Y

G0 T0 1

CALL MVM(QeEoE1)

IF(E1(1) oJLT404) XL=XD

IFCE1(1) «GTele) XC=X

IF(E1(2) «LT.04) YL=YD

IFCELI(2) oGTele) YC=Y

CONTINUE

Fllel)=1leO/(XLxXC)

F 2¢2)=140/7¢YL*YC)

F(142)=0e

COE=SQGRT(F(1le1)*F(242))

F(l142)=FS12+COE

IF(CRITRIA«EQe NAME(2) <OReCRITRIA +EQe NAME(C3)) F(192)==e5*F(1e1)
IF(CRITRIA +EQe NAME(4)) F(142)=FS12*COE
FC392)=140/CXLT*XLT)

FBU1)=(XC=-XL)*F(1s1)

FB(2)=(YC~=YL)*F(242)

FB(I)=0.0

F(241)=F(142)

FC301)=040

F(342)=0.0

F(1943)=0.0
F(2¢43)=0.0

CALL MATM(QeF4C)
CALL MATM(CoeQeG)
CALL MVM(QeFBeGB)
RETURN

END

SUBROUTINE FSFTY(ETeEN9G9GB9SMyeSMN)

DIMENSION ET(3)sEN(3)9G(393)9CBC3I)eTS(3)eT(3)
CALL MVMAGSET,T)

CALL MVM(GeENSTS)

AC=VVMITLET)

BC= VVM(TSEN)+VVM(TS+ETI+VVM(ETGB)
CC=VVMUIENSTS)I+VVM(GBLENI-1.0

CALL ROOTSCAC+BCoCCoSMeSMN)

RETURN

END




SUBROUTINE INVRS(GeA)
DIMENSION Q(3¢3)eA(343)
DET=Q(191)*0(2¢2)%Q(393)+2e0*Q(192)*Q(193)*Q(293)~Q(242)*Q(193}v32
e Q(191)*Q(2¢3)*%2~Q(3¢3)%Q(142)x*2
AC1e1)=(Q(202)%Q(343)~Q(243)%%x2)/DET
AC3¢3)=(QC101)2*Q(242)-Q(142)**2)/DE!
AC242)=(QC191)*Q(393)-Q(143)*+2)/DET
ACle3)=(Q(1+42)*Q(2+3)-0(2+42)*Q(143))/DET
A(192)=(0(1e3)*%0(243)=Q(1e2)*%Q(343))/DET
AC2¢3)=(0(1e2)*Q(143)-Q(141)*Q(2¢3))/DET

DO 1
DO 1

I=143
J=1e3

ACJeI)=ACIe )
CONTINUE
RETURN

END

SUBROUTINE LMDY
DIMENSION EX(8)¢EY(8)oVX(8)9ES(8) JALFX(B)9ALFY(8)4BTAX(S)

DIMENSION BTAY(B8) ¢X(8)9 XD(8)9Y(8B)s YD(B)eS(8)¢SH(8B)
COMMON /DTA/ EXeEYoVXeESeALFXsALFYeBTAXgBTAYeXoXDeYeYDeSeSHaNNM

DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA

EX/14509204091380938.6’76.90.9690900/
EX/181.'2040’1380’3806’76.’0.’69090./
EY/1100’18.5’8.9698.2795.5!00’69.90.,
EY/I003!1805'809698.27’5.590.’69.900/
VX/.25902390390269034900003900/
VX/¢28’.23,-39026’03490.903900/
ES/5.50'5059!701’4.149203900’26.5!0./

ES/ 717956599 7¢194¢149263906926e5904/
ALFX/-0296019‘0398069‘4.09.0900900/
ALFY/2205’30.3’280192201979.0,.0912.590./
BTAX/0e90¢90e90e90e90090es0e/
BTAY/0e690e600489e69069e090e900/
X/1448¢91260091447¢691062¢91400094094000¢04/
X/1500.91260.91447.91062.91400.1.09400.90./
XD/1448¢925000914470961006923569009400090./
XD/1500¢92500091447¢961069235696094000904/
Y/52¢961¢951e¢7931e¢912690¢9400690./
Y/400161o’51.7931001209009400010./
YD/2070'202.920609118-’53;90.’4000’0./
YD/246.’202.9206.’1180'53.90094000'00/
8,93009670093-972&934090-92300900/
S/68.0!67-9930972.!34090092300’0./
SH/e125E-039e125E«03¢9e125E-0390125E-039e125E-039e001916e904/
NNM/Z 77

RETURN

END
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444

445

609

700

711
610

604
605
6051

665

607
6071

608
13

SUBROUTINE LMNT(NNLoNLDCNsTHoLMPIoeDToeCePLNM)
INTEGER TITL(4)¢MATRIALGUNITS
DIMENSION TH(40) ¢NAMES(4) ¢PLNM(40)9LMPI(40)9DESCRP(8)

COMMON /UNIT/ IUNIT

COMMON /TIT/ TITL
NAMELIST/LAYERS/NNLsLMPI¢THsPLNMsIUNIT4DT4CoNLDCN
NAMELIST/LAYER/NNLgTHyPLNMsDT9CoNLDCN

DATA NAMES /4HPUREs6HHYBRID2HST o THENGLISH/
FORMAT(8A10)

WRITE 13

FORMAT(1H098A10)

WRITE 13

READ 4444DESCRP

PRINT4454DESCRP

WRITE 13 : :

IF (TITL(4) EQ. NAMES(1)) 6O TO 609

READ LAYERS ‘

GO TO 610

READ 7004MATRIALGUNITS

IF(UNITS «NE. NAMES(4)) IUNIT=1

READ LAYER

FORMAT(2A10)

CALL MINP(MATRIALLI)

DO 711 IM=1,4NNL

LMPI(IM)=LI

CONTINUE

CONTINUE

WRITE 6049NNL

FORMAT(6X s *NUMBER OF PLYS =#,13)

WRITE 605

FORMAT(6Xs*ANGLES OF PLY ORIENTATION IN DEGREESs BOTTOM LAYER=1%)
WRITE 60519 (TH(I)9I=14NNL)
FORMAT(6X912F5.1)

WRITE 665

FORMAT(6X9*NUMBER OF LAYERS FOR CORRESPONDING PLY ORTENTATION®)

WRITE 60519 (PLNM(I)eI=14NNL)

WRITE 607

FORMAT(6X ¢ *MATERIAL PROPERTY IDENTIFICATION NUMBER FOR CORRe PLY*)
WRITE 60719(LMPICI)eI=1¢NNL)

FORMAT(EX91215)

WRITE 6084DTeC

FORMAT(6X+*TEMPERATURE DT=*4F10. 49* MOISTURE=+4F1044)

FORMAT (S5 X g*mmmmm e e e c e e e e r e s e rcrr e e ————
RETURN

END
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SUBROUTINE MATM(A4B,C)
DIMENSION A(343)9B(343)49C(343)
DO 2 I=1,43

DO 2 J=1,3

SUM=0.0

DO 1 K=1,3
SUM=SUM+A(JsK)*B(Kys 1)
CONTINUE

CCJeI)=SUM

CONTINUE

RETURN

END

SUBROUTINE MINP(MATLLI)
DIMENSION NAMES(8)
DATA NAMES/9HT300/52089 7HB4/5505¢THAS/35019¢9HSCOTCHPLY 9 BHKEVLARSG,
*4HCORE ¢ BHALUMINUM ¢ SHNEW /
DO 1 I=1,8
IF(MAT JEQe NAMES(I)) GO TO 2
STOP "ERROR IN MIND"
LI=1
RETURN
END
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SUBROUTINE MODCM(THsUs@)

'DIMENSION U(S)

DIMENSION G(343)

TH2=2«*TH

C2=COSM(TH2)

S2=SINM(TH2)

THQ:#.*TH

C4=COSM(TH4)

S4=SINM(TH4) i

B le1)=UCL)+U(2)xC2+U(3)I%C4
Q€242)=U(1)=-U(2)*C2+U(3)*C4
QC142)=UC4)~U(3)*xC4
Q(393)=U(5)=U(3)+C4

" 0€1¢3)=UC2)*S2/2.,+U(3)*S4

B(293)=U(2)*S2/2.-U(3)*S4
CALL SYM(Q)

RETURN

END

SUBROUTINE MODULS(ELsETeVLT96LTeQeU)

DIMENSION U(5)
DIMENSION @(343)

DO 1 I=143

DO 1 J=143

Q(Isd)=0.

CONTINUE

IF (EL.EQs 0o) GO TO 2
AM=14/(¢1e0-VLT*#VLT*ET/EL)
Q(191)=EL*AM

QC192) AM*ET*VLT
Q(291)2Q(192)
Q(242)=AM*ET

Q(393)=GLT

CONTINUE

CALL US(QsU)

RETURN

END
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SUBROUTINE MOLS(THETAsHLoHN)
DIMENSION E(3)oFE1(3)eP(T)9sQCC3)9F(3)9ES1I1(40)4ES22(40).6512(40)
DIMENSION VS12(40)9¢SB1(3¢3)¢SB2(393)¢SB3CI93)oHLCU40)eHN(41) o Q(35)
DIMENSION THETAC40)oHLC(40) o HT(40)9TL(40)eTT(40)
DIMENSION U(5)eGX(343)
COMMON/SBS/SB1¢SB2¢SB3¢PeQQ¢DTsC
COMMON/BLK/HLCoHT oTLSTT

COMMON /BLK2/ ES11¢ES22¢VS1246S12¢NNL
COMMON /BLH/ HeHI

TH1=0.

DO 1 I=1¢NNL

TH1=TH1+HL(I)

CONTINUE

HTT=TH1/2.

HH=TH1*TH1

NN=NNL+1

HN(1)==HTTY

DO 2 J=2 4NN

HNC(J)=HN(J=1)+HL(J=~1)

CONTINUE

DO 66 I=143

P(I)=0.

QAC¢IY=0.

DO 66 J=143

SB2(I4J)=0e

SB3(IeJd)=0,

CONTINUE

DO 6 NL=14NNL

H1I=HN(NL+1)-HN(NL)
H2=H1*(HN(NL+1)+HN(NL)) /2.
G=HN(NL+1)*HN(NL)
H3=H1*(H1*H1+3,%G)/ 3.,
THT=THETA(NL)

CALL MODULSC(ESII(NL) ¢ES22(NL)oVSI2(NL)$GS1I2(NL) ¢GXsU)
CALL MODCM(THT eU+Q)

CALL NMSN(CoDToeE9HLCeHTsTLeTTeNL)
CALL MVM(QXeE4E1)

CALL TRS(E1leFe=THT)

DO 4 I=143

DO 3 J=143
SB1(I4J)=SB1(IeJ)+Q(I4J)*H1
SB2(TeJ)=SB2(I1eJ)+Q(IeJ)*H2
SB3(IeJ)=SB3(IeJ)+Q(I9oJ)*H3
CONTINUE

P(I)=P(I)+F(I)*H1
QACIN=QQ(I)+F(I)*H2

CONTINUE

CALL SYM(SB1)

CALL SYM(SB2)

CALL SYM(SB3)

CONTINUE

H=TH1

HI=1./H

RETURN

END
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SUBROUTINE MTADC(A+B9CyCN)

DIMENSION A(393)¢B{39334C(3+3)

DO 1 I=143

DO 1 J=143

C(IoJ)=ACI9JI+CN*B(I4J)

CONTINUE ‘

RETURN

END

SUBROUTINE MTDM(PLNMgPMyGMsPMIyTPI)
DIMENSION PLNM(40)9HLC40)

DIMENSION ES11(40)9ES22(¢40)¢VS12(40)456S12¢40)
DIMENSION SXC(40)¢SXL(40)9SYL(40)9SYC(40)eSXLT(40)
DIMENSION HLC(40) ¢HTC(40) 9o TLC40) ¢ TT(40) ¢SH(8)
DIMENSION EX(B)sEY(8)eVX(8)9ES(8) oALFX(8)9sALFY(8)¢BTAX(S8)
DIMENSION BTAY(8)9X(8)s XD(8)9sY(8)y YD(8)9eS(8)4LMPI(40)
COMMON /UNIT/ TUNIT

COMMON /BLK1/ SXLeSXCeSYLeSYCeSXLTeHL
COMMON/BLK/HLCoHToTLoTT

COMMON /BLK2/ ES114ES224VS12¢6GS12¢NNL

COMMON /DTA/ Ex.EY.vx.Es,ALFx.ALFY.BTAX.BTAY.X.XD.Y.YD. o SHeNNM
COMMON /MPIL/ LMPI

CON1=1.0

CON2=1.0

PM=1.0E+06

IFCIUNIT EQe 1) GO TO 4455

PM=PM/6895,

CON1=50/90

CON2=39,.4

CONTINUE

GM=1000,*PM

DO 1 I=1¢NNL

II=LMPICI)

ESIICI)=EXCII)*GM

ES22(I)Y=EY(II)*GM

VS12(I)=VX(II)

GS12CI)=ESC(II)*GM

TLCIY=ALFXCII)*CON1*1.,0F- oe
TTCI)=ALFYCII)*CON1*1, OE 06

HLCC(I)=BTAX(II)

HTCI)=BTAY(II)

SXLCI)=XCII)*PM

SXCCI)=XD(II)*PM

SYLCI)=Y(II)*PM

SYC(I)=YDCII)*PM

SXLTCIN=S(II)=pPM

HLCI)=SHC(II)*CON2+PLNM(I)

CONTINUE ,

IF(IUNITe NEe 1) PM=1.0E+03

GM=1000.*PM

PMI=1./6M

TPI=1000.*GM

IFCIUNITLEQ.1) WRITE 24

IF(IUNIT.NE.1) WRITE 25 .

FORMAT(20Xe#*SI UNITS=»)

FORMAT(20Xe *ENGLISH UNITS*)

RETURN

END
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SUBROUTINE MVM(XeYseZ)
DIMENSTION X(393)9Y(3)eZ(3)
DO 1 I=143

SUM=0,.0

DO 2 J=143
SUM=SUM+X(I+J)*Y(J)
CONTINUE

2(I)Y=SUM

CONTINUE

RETURN

END

SUBROUTINE MXSTRN(KsENsAANsGsPM)

DIMENSION EPST(3)¢EPSC(3)9SIGR(3II9SIGA(3I)eENCII9AAN(3) 9 AK(3I)
DIMENSION SXL(40) 9SXCC40)9SYL(40)9SYC(40)eSXLT(40)gA(3¢3)eB(343}
DIMENSION HL(40)

COMMON /BLK1/ SXL¢SXCoeSYLeSYCeSXLTeHL

COMMON /BLH/ HeHI

COMMON /UNIT/ IUNIT

COMMON /SF/SFLeCOUNT

CALL INVRS(QeA)

EPST(L)=SXL(K)*A(141)

EPSC(1)==SXCU(KI*A(141)

EPST(2)=SYL(K)I*A(242)

EPSC(2)==SYC(K)*A(242)

EPST(3)=SXLT(KI*A(243)

EPSC(3)==SXLT(K)Y*A(343)

DO 1 I=1+3

DEN=EPST(I)

IFCENCI) oLTe 0e) DEN=EPSC(I)

AKC(I)=ENCI)/DEN

CONTINUE

CALL AMAX(AKe34AMX)

DO 2 IT=1+3

SIGRCIII=AANCII)/AMX

SIGACII)=SIGR(II)/H/PM

CONTINUE

SFL=14/ (AMX*H*PM)

IF(COUNT.EQels) RETURN

WRITE 64 (SIGR(I)eI=143)

FORMAT(5Xe*STRESS RESULTANTS* 99X g*N1=xeEBe294Xe*N2T*gEBL294Xy
U*NE6=*4E842)

IFCIUNIT «EQe 1) WRITE 7¢(SIGA(I)eI=143)

IFCIUNIT oNEe 1) WRITE 8e(SIGA(I)eI=143)

FORMAT(S5X¢*AVERAGE STRESSES MPA *¢*SIGMAL=#9F6e1¢2Xe*SIGMAZ2=*,
9F6el192X9e*SIGMAE=*9F6.1)

FORMAT(S5X¢*AVERAGE STRESSES KSI *9g*SIGMALl=*9F6elg2X9g*SIGMA2=%,
sFEele2Xe*SIGMAB=*¢F6.1)

RETURN

END
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SUBROUTINE MXSTRS(KsANsAANoPM)

DIMENSION SIGT(3)¢SIGC(3)¢SIGR(3)9SICAII)I9AN(3) 9AAN(3)9AK(3)
DIMENSION SXL(40)¢SXC(40)9SYL(40)9SYC(40)eSXLT(40)

DIMENSION HL(40)

COMMON /BLK1/ SXLeSXCeSYLeSYCeSXLTeHL

COMMON /BLH/ HeHI
COMMON /UNIT/ IUNIT
COMMON /SF/SFL4COUNT
SIGT(1)=SXL(K)
SIGTC2)=SYL(K)
SIGT(3)=SXLT(K)
SIGC(1)==SXC(K)
SIGC(2)=-SYC(K)
SIGC(3)==SXLT(K)

DO 1 I=1,43
DEN=SIGT(I)

IFC(ANCI) oLTe 0o) DEN=SIGC(I)

AKC(ID=AN(I)/DEN
CONTINUE

CALL AMAX(AKo9 39 AMX)

DO 2 II=143
SIGR(II)=AANC(CII)/AMX
SIGACIIY=SIGR(II)/H/PM
CONTINUE
SFL=1e/C(AMX*H*PM)
IF(COUNT.EQele) RETURN
WRITE 69 (SIGR(I)eI=143)

FORMAT(SX ¢y*STRESS RESULTANTS*99Xe*N1=*4E8. 294X *N2=*9EBe294 Xy

UxNE=*¢FE842)

IFCIUNIT o+EQe 1) WRITE 79(SIGA(I)eI=143)
IFCIUNIT oNEe 1) WRITE 894 (SIGA(I)eI=1,43)
FORMAT(5Xe*AVERAGE STRESSES MPA

oF 6.1 92X e*SIGMAG=*9gFEal)

FORMAT(5X¢*AVERAGE STRESSES KSI

oF6e192Xe*SIGMAG=*¢F6.1)
RETURN
END

*gxSIGMALI=*gF6e192X9*SIGMA2=*,

*g*SIGMAL=*9gF6e192X9e*SIGMA2=%,

SUBROUTINE NMSN(CoDToEN19HL9HT9TLsTT9K)
DIMENSION EN1(3)9HL(4O)9HT(40);TL(40)’TT(40)

EN1C1)Y=C*xHL(K)+DT*TL (K)
EN1C2)=C*HT(K)+DT*TT(K)
EN1(3)=0.

"RETURN

END
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SUBROUTINE NORM(PMI«ZEROsDU14DU24DU3Z4DU44PAR)
INTEGER PAR
DIMENSION NAMES(6)4A(343)
DIMENSION DU1(343)sDU2(3¢3)¢DU3(343)eDUL(393)¢ZERD(3I43)
DIMENSION SB1¢393)eSB2(393)eSBI(343)9P(3)9QQAC3)I¢HLCLL40)HT(4D)
DIMENSION TLC40) o TT(40) oDUM(343)9DUMLI(343)9ECONC4)$ECONF(4)
COMMON /UNIT/ ITUNIT
COMMON /BLH/ HeHI
COMMON/SBS/SB19SB29SB34P9QQeDTC
COMMON/BLK/HLCoHToTLoTT
DATA NAMES /10HDIMENSIQNL910HN0RMALIZEDQ4HBOTH98HENGC0NST'3HALL’
*4H /

13 FORMAT( S g e w e rm e mr cr e e r e e r e arcc e e mrr e o o — e = -

HSQ@=H*H

HIS=1./HSQ

PMN1=PMI/H

PMN2=2.*PMI/HSQ
PMN3=12.*PMN1/HSQ ' -
CALL INVRS(SB1l4A)

CALL MTAD(ZEROgsA9DUMyH)
ECONC1)=PMI/DUM(1,41)
ECON(2)=PMI/DUM(242)
ECON(3)==-DUM(142)/DUM(1,1)
ECON(4)=PMI/DUM(343)

CALL INVRS(SBZ4DUMI1)
HRTW=HSQ@*H/12,.

CALL MTAD(ZEROsDUM14DUMsHQTW)
ECONF(1)=PMI/DUM(1+1)
ECONF(2)=PMI/DUM(2,42)
ECONF(3)==-DUM(142)/DUM(141)
ECONF(4)=PMI/DUM(343)

CALL MTAD(ZERO+SB1+DU14PMN1)
CALL MTAD(ZERO¢SB29yDU2¢PMN2)
CALL MTAD(ZERO4DU29DU3934)

CALL MTAD(ZERQe¢SBI9sDU4sPMN3)
WRITE 13

IF(PAR .EGe NAMES(E)) GO TO 725
IF(PAR +EQe NAMES(4)) GO TO 724
IF(PAR +EQe. NAMES(2)) GO TO 723

WRITE 14
WRITE 15
14 FORMAT(35Xe*A B*e//)
15 FORMAT(35Xe*B D)
WRITE 13

CALL WITE(SB1+SE2)
CALL WITE(SB24SB3)
WRITE 13
IF(PAR +EQs. NAMES(1)) GO TO 725
723 CONTINUE
WRITE 42
42 FORMAT(35Xe* A# B#*e//)
IFC(IUNIT oFQe 1) WRITE 43
IFCIUNIT oNEe 1) WRITE 443




43
443

724
446
4461
447

448

725

13

75

FORMAT(35Xs*3B4% D# GPA*)

FORMAT(3I5X,*38# D# l.E+406 PSI¥)
WRITE 13

CALL WITE1(DU1l,DU2)
CALL WITE1(DU3,DU4)
WRITE 13

IF(PAR «NEe NAMES(5)) 60 TO 725

CONTINUE

IF(IUNITSEQe1l) WRITE 446

FORMAT(6X¢*SOME ENGINEERING CONSTANTSs ES IN GPA%*)

IFCIUNITWNEL.1) WRITE 4461

FORMAT(6X9*SOME ENGINEERING CONSTANTSe ES IN 1eE+06 PSI*)

WRITE 4479 (ECONC(IE)oIE=144) :
FORMAT(EX9*INPLANE 9 Elzc*gFT7e39*% E2=%9FTe39% V21c=x9gFTe39*x EG=»
*9FT7e3)

WRITE 4489 (ECONFC(IE)9IE=194)

FORMATUCEX o* FLEXURAL: gEF1=%¢F7e39* EF2=%gFT7a39* VF2lz*kgFT7e39* EF6z=*
*gFT7e3) ' -
CONTINUE

RETURN

END

SUBROUTINE NORM1C(TPIgAgPARAM)

INTEGER PARAM

‘DIMENSION DU1(3¢3)9DU2(343)¢DU3(343)9DU4(343)9ZERO(343)
DIMENSION SB1(343)9SB2(343)9SB3(393)9P(3)¢sQQC3)oHLCC40)9HT(40)
DIMENSION TLC40)9TT(40)9DUS(393)9DUE(343)9DUT(343)4DUB(393)
DIMENSION DU9(393)9DUL0€343)¢PNV(3)sONV(3)9DUM(343),A(3,3)
DIMENSION NAMES(4)9D7(343)9DM(343) '

COMMON /UNIT/ TUNIT

COMMON /BLH/ HeHI

COMMON/SBS/SB194SB29SB34PeQQeDTeC

COMMON/BLK/HLCoHT¢TLoTT

COMMON /BLDU/ DU2sDU44DUS4DUT

DATA NAMES /10HDIMENSIONL»1O0HNORMALIZEDy4HBOTHe4H /
FORMAT(SXg#=mmmmmmc e m e e e e R --

HSQA=H*H

HI:10/H
HIS=1.,/HSQ
TPN1=TPIxH
TPN2=HSQ*TPI/2.
TPN3=TPN1+HSGQ/12.
TPNN=TPN2/3.

DO 75 1I=143

DO 75 J=143
ZERC(I4J)=0,

47




71

16
17

555

72

44

45
4451

557

556

T4

CALL MATM(A+SB2,DUD)

CALL MATM(SB24DU14DU2)

CALL MTAD(SB34DU24DU3e-1,)

CALL INVRS(DU34DU4)

CALL MATM(DU14DU44DU5)

CALL MATM(SB2sAsDUL)

CALL MATM(DUS4DU14DUSB)

CALL MATM(DU4 4DU14DU2)

CALL MTAD(A4DUG9DU741.)

CALL MTAD(ZEROsDUS¢DUMy=14)
CALL MTAD(ZERO4DU74D7914)

CALL MTAD(ZEROsDUMgDMe1l,)

CALL MTAD(ZEROsDU74DU19TPN1)
CALL MTAD(ZERO¢DUM4DUB4TPNN)
CALL MTAD(ZEROsDU24DUMs~14)
CALL MTAD(ZERO4DUM4DU99TPN2)
CALL MTAD(ZEROsDU44DUL10oTPN3)
IF(PARAM .EQ.NAMES(4)) GO TO 74
IF(PARAM +EQ.NAMES(1)) GO TO 71
IF(PARAM EQ.NAMES(2)) GO0 TO 72
CONTINUE

WRITE 13

WRITE 16

WRITE 17

_FORMAT(3SXe*ALPHA BETA *4¢/7)

FORMAT(35Xe *TRSBTA DELTAw)

WRITE 13

CALL WITE(D74DM)

CALL WITE(DUMsDU4)

WRITE 555 -

FORMAT(6X9e*NONMECHs STRESS AND MOMENT RESULTANTS NeMr)
CALL WRT(P,45)

CALL WRT(QQe5)

WRITE 13

IF(PARAM NEJNAMES(3)) GO TO 74
CONTINUE

WRITE 44

FORMAT(35Xe* ALPHA# BETA#/3%x4/7)

IFC IUNIT .EQe 1) WRITE 45
IF¢C JTUNIT «NEe. 1) WRITE 4451

FORMAT(35Xe* TRSBTA# DELTA# (1e/TPA)Y )
FORMAT(35Xe* TRSBTA# DELTA#H 1«0E~09/PSI*)
WRITE 13

CALL WITE1(DU1,DU8)
CALL WITE1(DUS,DU10)

DO 557 IST=1,3
PNVCISTY=PC(IST)*HI
QNV(IST)I=6+*QQCIST)I*HIS
CONTINUE

WRITE 556

FORMAT(&X9*NONMECHs EFFECTIVE STRESS AND MOMENT N#M#*) -

CALL WRT(PNV45)
CALL WRT(QNVe5)
WRITE 13
CONTINUE
RETURN

END
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SUBROUTINE PLT(XeX1gXXeX2¢XXXgX39XCoXCLoXXCoeXC2¢XXXCoeXC39NoeTHIC)
INTEGER SMBL 9IMMePLANE

DIMENSION X(200)9X1(200)¢XX(200)9X2(¢200)¢XXX(200)¢X3(200)¢XC(200),
*XC1(200) ¢ XXCC200)¢XC2¢(200) ¢ XXXC(200)4XC3(200)

DIMENSION TH(40)4NAME(2)

COMMON /BKK9/ PXXePXXIePYYePYYIoeYULGIT

COMMON /SMB/ SMBL¢IMM

COMMON /CRIT/ CRITRIA9SPACEGPLANE4FS12

DATA NAME /9HSUPERPOSE¢2HQR/

N2=N+1

N3=N4+2

X{(N2)=PXX

X(N3)=PXXI

X1(N2)=PYY

X1C(N3)=PYYI

PYS=PYY/PYYI

PXS=PXX/PXXI

DDY=2.55

IF(PLANE .EQe NAME(2)) DDY=3.55

DDY1=DDY-.3

DDY2=DDY-.6 , ,

IF(SMBL +EQe NAME(1) .ANDe IMM GT. 1) GO TO 3

CALL SPAXIS(DeoPYSelH 919YUL990eoX1(N2)9X1(N3)90e20309e2900s2e901Ty
*s15)

CALL SPAXIS(PXSeOeolH 9~197e090e9XI{N2)eXIN3)92e259019e25¢0002091Ty
*e15)

CONTINUE

IF(IC «EGQGe 1) GO TO 1

IFCIC +EQGe 2) GO TO 2

XC(N2)=0.

XCCNZI=PXXI

XC1(N2)=0.

XC1(N3)=PYYI

XXC(N2)=0e

XXC(N3)=PXXI

XC2(N2)=0.

XC2(N3)=PYYI

XXXCI(N2) =0,

XXXCI(N3)=PXXI

XC3(N2)=0,

XC3(NI)=PYY]

IF(SMBL .EGe NAME(1)) GO TO 4

CALL NUMBFR(1.09DDY9e15¢TH(1)2906091)
CALL FLINE(XC9XClg-N91e1045)

CALL NUMBER(1¢09¢DDY194015¢TH(2)906eel)
CALL FLINE(XXC9XC29~Nslsi0s6)

CALL NUMBER(1.09DDY29415¢TH(3)904e91)
CALL FLINE(XXXCoXC39=Nel9e1047)

60 70 1

CONTINUE

CALL FLINE(XCeXCl9=Nyle0s5)

CALL FLINE(XXCoeXC29=Neolel¢6)

CALL FLINEC(XXXCoeXC39~NoleDse7)
CONTINUE :
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X3I(N2)=0.

X3(N3)=PYYI

XXX(N2)=0.

XXX(NI)=PXX]

X2(N2)=0.

X2{N3)=PYY1

XX(N2)=0.

XXIN3Y=PXX]

IF(SMBL +EQe NAME(1)) GO TO 5
CALL SYMBOL(eSe DDY29415¢79¢0s9e-1)
CALL FLINE(XXXeX39~Nylel0s7)

CALL SYMBOL(eSey DDY19e159690ee~-1)
CALL FLINEC(XXoeX29=Nol910e6)

G0 TO 2

CONTINUE .

CALL FLINE(XXX¢X34=Nels0e7)

CALL FLINE(XX9X29=Nole04e6)
CONTINUE

X1(N2)=0.

X(N2)=0.

IF(SMBL .EQe NAME(1)) GO TO 6
CALL SYMBOL(eS5e DDY ¢¢15¢5¢0e9~1)
CALL FLINE(XeX19~Ngl910s5)

CALL PLOT(13+90a93)

CALL PLOT(134.9049=-2)

RETURN

CONTINUE

CALL FLINE(X¢X19=Nele0s5)

RETURN

END
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SUBROUTINE PLTEN(THeHLoHS9PMI4ZERO9PLNM)

INTEGER PARAM2¢PARAM3

DIMENSION NAME(3) ¢PLNM(20)

DIMENSTON SB1€393)9SB2(393)9SB3(393)9P(3)¢QQC3)9DUM(3943)9X(200)
DIMENSION ZERO(343)¢ECON1(200)4ECON2(200)4ECON3I(200)+ECON4(200)
DIMENSION THC40) oHLC(40) ¢HLCC40) o HT(40) ¢ TLC4O) 9o TT(40)9oHS(41)
DIMENSION ES11(40)9ES22(40)¢6S12(40)9VS12C¢40)9A(343)
COMMON /BLK2/ ES114ES224VS1246S129NNL

COMMON /BLH/ HeHI

COMMON /UNIT/ IUNIT

COMMON /SBS/SB1¢4SB2¢9SB34P¢QQeDTsC

COMMON /BLK/HLCoHTeTLHTT

COMMON /BKKS/ PXXePXXIePYYePYYIeYULGIT

COMMON /BLM/ PARAM24PARAM3

DATA NAME/SHPLTEND;BHPLTSTART96HPLT0NE/

IF(PARAM2 +EQe NAME(3)) GO TO 7

IF(PARAM2 <NEe NAME(2)) GO TO 6

CONTINUE

CALL PLOTS(DUM¢DUM¢S9)

CALL PLOT(5e92e93)

CALL PLOT(5e92s9-2)

CONTINUE

DO 1 II=1,491

XCIIY=TH(3)

CALL MOLS(THeHLeHS)

CALL INVRS(SB1g¢A)

CALL MTAD(ZEROsAsDUMyH)

ECONI(II)=PMI/DUM(1,41)

ECON2(II)=PMI/DUM(242)

ECON4(II)=PMI/DUM(343)

ECON3(IT)Y=-DUM{142)/DUM(141)

THC3)Y=TH(3)+1,

TH(4)==-TH(3)

TH(S)Y=TH(4)

TH(E)I=TH(3)

CONTINUE

YUL=6.0

PXX=0,

PXX1=15.0

PYY=0.

CONT=1,

IFCIUNIT +EQ. 1) CONT=10.0

PYYI=5.*CONT

IFCIUNIT «EQe 1) CALL SYMBOL(el194e59¢1593HGPA90e93)
IFCIUNIT oNEe 1) CALL SYMBOL(el94e594e15¢43HMSI40.93)
CALL SYMBL(3e95.3THePLNMgNNL D)

CALL SYMBOL(0e29¢540906291HE90es1)

CALL SYMBOL(6e290e29e291409009-1)

CALL SYMBOL (140092¢554e1591HFE90491)

CALL SYMBOL(141592e45001592H1190492)

CALL SYMBOL(1e0092e259¢15¢1HE90.s1)

CALL SYMBOL(1e1592¢159015¢2H2290442)

CALL SYMBOL(1e0091e959¢159¢1HE9C0asl)

CALL SYMBOL(141591e855e1592H6 90e92)

CALL PLTC(X9ECON19XoECON2¢gX9ECON49X9ECON19X9ECON29X9ECON49S19THs1)
PYYI=0.2

CALL SYMBL(3e95«9TH9yPLNMgNNLyO)

CALL SYMBOL(6e290e29e291409009-1)

CALL SYMBOL(0e295¢0902591324009~1)
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CALL SYMBOL(0e3594699410e2H2140642)

CALL SYMBOL(1e0092e¢559e1591339060-1)

CALL SYMBOL(1e1%92e459e15942H2190442)

IT=1

CALL PLTU(X9ECON3oXeECON29XsECONG9XoECONLI 9 X9 ECON29XoeECONG9919TH2)
I1T=0

IF(PARAM2.EQeNAME(3)) GO TO 8

IF(PARAM2 JNEe. NAME(1)) GO TO S

CONTINUE

CALL PLOTE(N)

CONTINUE ' \
WRITE 3 '
FORMAT(10X¢*PLOTS FOR ENGINEERING CONSTANTS DRAWN=#)
RETURN

END

SUBROUTINE ROOTS(AeBoeCySMySMN)
A2=2.0%A

BS=B=*B

DC=BS=-240*A2*C

DS=SQRT(DC)

SM=(DS~B)/A2

SMN=~-(B+DS)/A2

RETURN

END
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SUBROUTINE SETAN(AN.DCN)

INTEGER PLANE¢SPACESCRITRIA

DIMENSION AN(3)¢NAME(2) A
COMMON /CRIT/ CRITRIA¢SPACE+PLANESFS12
DATA NAME/2HQR¢6HSTRAIN/

IF (PLANE

«EQes NAME(1)) GO TO 1

AN(1)=COSM(DCN)
AN(2)=SINM(DCN)

AN(3)=0.
RETURN
CONTINUE

SQ@2=SQRT(2)
ANC1)=SQ2*COSM(DCN)
ANC2)==AN(1)
ANC3)=SQ2*SINM(DCN)

IF(SPACE

RETURN
END

«EQe NAME(2)) AN(3)=AN(3)/2.

SUBROUTINE STPLT(THeHSsPMePLNM)
INTEGER PARAM24PARAM39CRITRIA9SPACE9PLANE ¢ SMBLoMULTI

DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION

VN(3)¢PLNM(40)

GS(393)¢GSB(3)

NAME(14)

Q€393)sHL(40) 9 TH(40)9SFLN(40)
SPLC(40)9STX1(¢200)¢STY1(200)9SCX1€200)+SCY1(200)
STX2€200)¢STY2(200)9SCX2(200)4SCY2(200)
STX3(200)9STY3(200)¢SCX3(200)4SCY3(200)
GB(3)9G(393)sSFLL(A0)9sSFUC40) 9ENI(3)4END(3)+QG(3)
SBI(3¢3)eHTC40)9TL(40)9TT(40)9P(3)4HLC(40)

SXCC40) oSXLC40)9SYLC4G0) ¢SYC(40)¢SXLT(40)
ES11(40)¢ES22(40)9VS12(40)¢6S12(40)9SB1(343)9SB2(34+3)
DU2(3¢3)sDU4(393)9DUS(393)9E1(3)eE2(3)9E3(3)eE4(3)
ETRCIISENT(3)oU(S) gDUT(343) 9HS(21)9AN(3)4AM(3)

COMMON /BLK2/ ES114ES224VS1296S124NNL
COMMON/BLK/HLCsHToTLoTT
COMMON/SBS/SB19¢SB2¢SB3¢P¢QQeDTeC

COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON

/BLK1/7 SXLeSXCeSYLeSYCeSXLTeHL
JUNIT/ IUNIT

/BLH/ HeHI

/BLDU/Z DU24DU44DUS4DUT

/BKKS/ PXXoePXXIePYYePYYIoYULSIT
/SMB/ SMBL¢IMM

/BLM/ PARAM24PARAM3
/SF/SFLeCOUNT

COMMON
COMMON
COMMON
COMMON

/CRIT/ CRITRIA9SPACE+PLANESFS12
/ST1/ STX1¢STY1eSCX1eSCY1yNSF1
/ST2/ STX2¢STY2eSCX29SCY24NSF2
/ST3/ STX3eSTY3eSCX39SCY39NSF3




DATA NAME/6HPLTEND48BHPLTSTART7HTSAI WU49HMAXSTRESS,
*OHMAXSTRAIN9y6HSTRAIN¢6HSTRESSe6HCHAMIS 9 THHOFFMAN94HHILL ¢ 6HPLTONE
*2HQR ¢ 9HSUPERPOSE ¢ SHMULTICURV/

COUNT=1.

FCTRS=1.

FCTRF=1. ) .

READ 7059CRITRIA9SPACEsPLANE¢SMBL9FS129¢MULTIeFCTRSeFCTRF

705 FORMAT(4A1094F10.34A1042F1043)
IF(PARAM3 LEQe NAMEC(11)) GO TO 716
IF(PARAM3 JNE. NAME(2)) GO TO 701

T1e CONTINUE

CALL PLOTS(DUMo¢DUM49S)

CALL PLOT(S495693)

CALL PLOT(544549=2)

IF(FCTRF +E£Qe 04) FCTRF:IQV

CALL FACTOR(FCTRF)

701 CONTINUE

YUL=8,

IT=0

IF(FCTRS +EQe 0e¢) FCTRS=1.

CONT=FCTRS*1,

IFCIUNIT oEQe 1) CONT=FCTRS+*10.0

PXX==400,0*CONT

PXXI=10040*CONT

PYY==500.0*CONT

PYYI=PXXI -

IF(PLANE «NE. NAMEC(12)) GO TO 726

PXX==75+.04CONT "

PXX==150.0%CONT

PXXI1=50.0+CONT

PXXI=2540*CONT

c PYY==200,0*CONT
PYY==100.0*CONT
PYYI=PXXI

726 CONTINUE

NPT=91

MM=NNL/2

IF(SMBL oNE. NAME(13)) MM=1

DO 722 IMM=14MMe3

725 CONTINUE

DO 601 ICND=1¢NPT

DCN=180+*(ICND=-1)/(NPT~-1)

CALL SETANCAN¢DCN)

AM(1)=0.

AM(2)=0.

AM(3)=0.

NSF1=1

NSF2=2

NSF3=3 ‘

DO 600 IK=NSF1eNSF3

K=IMM+IK-1

IF(K «GTe NNL) K=1

IF(ES11(K) «EQe 0+0) GO TO €00

DO 109 I=143

SUM1=0.

SUM2=0.

SUMZ=0.

SUM4=0.

"'DO 209 J=143 v

SUM1=SUM1+DUTCI9J)*AN(J)=DUS(IgJ)*AM(JI+HS(KI*(~DU2(I9J)*AN(J)+
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209

109

OO0

708

709

710

702

*DU4G(T4J)*AM(U))
SUM2=SUM2+4DUT(I¢J)*ANCU)=DUS(IoJU)*AMCJ) +HS(K+1)*(=DU2(T¢JI*AN(J)+
*DUG (T 9JI*AMCU))
SUM3=SUM3+DUT(I4J)* P(J)=DUS(I9J)*2QQCJII+HS(KI*(=DU2(TgJ)* P(J)+
*DUG(TI4J) *QQ(J))
SUM4=SUM4+DUT(TeJ)* P(UI=DUS(IoJ)*QACJI+HS(K+1)*(=DU2(I4J)* P(J)+
*DU4(14J)*QQ(J))
CONTINUE
E1¢I)=SuUM1
E2(I)=SUM2
E3¢I)=SUM3
E4CI)=SUM4
CONTINUE
E1¢(J) =MECHANICAL STRAIN COMPONENTS LOWER SURFACE
E2¢J) =MECHANICAL STRAIN COMPONENTS UPPER SURFACE
E4¢J) =NONMECHANICAL STRAIN COMPONENTS UPPER SURFACE
E3(J)Y =NONMECHANICAL STRAIN COMPONENTS LOWER SURFACE
THT=TH(K)
CALL TRECE14ETRsTHT)
CALL TRECE3GENTsTHT)
CALL NMSN(CoDTSEN1¢HLCoHT9TLsTTeK)
CALL VDICENTSEN14END)
CALL MODULSC(ES11(K)4ES22(K)¢VS12(K)¢GS12(K)eQeU)
IF(CRITRIA .EQe NAME(4) .AND. SPACE +EG. NAME(7)) GO TO 702
IF(CRITRIA oEQe NAME(S5) oANDe SPACE +EQe NAME(7)) GO TO 703
IF(SPACE .EG. NAME(6)) GO TO 708
IF(SPACE «EQe NAME(7)) GO TO 709 -
CALL TRE(ANGETR¢THT)
IF(FCTRS EQs 0.0) FCTRS=1.
PXX==o04*FCTRS
PXXI=e01*FCTRS
PYY=-.05*FCTRS
PYYI=PXXI
IT=
IF(CRITRIA JEQ. NAME(4)) GO TO 702
IF(CRITRIA +EQe. NAME(S5)) GO TO 703
CALL FAILCO(ETReQeSXLCK)¢SXCCK)oSYLCK)9SYCC(K)sSXLT(K) ¢GsGB)
CALL COEF(GeGByGSeGSBeTHT)
CALL FSFTY(ANGEND9GSeGSBeSMgSMN)
SFLN(IK)=SM
CALL VNFC(ANgVN)
CALL TREC(VNGETReTHT)
CALL FAILCO(ETR.QqSXL(K),SXC(K)qSYL(K)qSYC(K)gSXLT(K)9GvGB)
CALL COEF(G4GB9eGSeGSByTHT)
CALL FSFTY(ANGEND¢GS9GSRBySMySMN)
SPLC(IK)=SMN
GO TO 600
CONTINUE
CALL FAILCOCETR9»QeSXL(K)¢SXCCK) 9SYL(K) ¢SYCCK) 9SXLT(K) ¢GoGB)
CALL FSFTY(ETRsENDsG9GBygSMg SMN)
SFLNCIK)=SM/ (H*PM)
IF(CRITRIA .NF. NAME(8)) GO TO 710
CALL VNF(ETRsVN)
CALL FAILCO(VN, QaSXLCK) 9SXC(K) 9SYL(K) 9SYCLK) sSXLT(K) 3636B)
CALL FSFTY(ETReEND9G9sGB9eSMySMN)
CONTINUE
SFLLCIK)=SM
SPLCCIK)I=SMN/(H*PM)
GO TO 600
CONTINUE
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703

600

601

711

712

718

720

719

CALL MVM(QeETR9EL)

CALL MXSTRS(KeE1leAN+PM)

IF(SPACE +EQe NAME(6)) SFL=SFL*H*PM

SFLNC(IK)=SFL

CALL VNF(E1l.VHN)

CALL MXSTRS(KeVNeANePM)

IF(SPACE .EQe NAME(6)) SFL=SFL*H*PM

SPLC(IK)==SFL

GO T0 600

CONTINUE

CALL MXSTRN(K¢ETReAN9QePM)

IF(SPACE +EQe NAME(6)) SFL=SFL*H*PM

SFLNCIK)=SFL

CALL VNF(ETReVN)

CALL MXSTRN(K9eVNeANgQ¢PM)

IF(SPACE .EQe NAME(6)) SFL=SFL*HxPM

SPLCUIK)=-SFL

CONTINUE

CALL ADJUSTCICNDsSFLNeSPLCsAN)

CONTINUE

IF(IMM .GT. 1) GO TO 721

IF(PLANE +EQe NAME(12)) GO TO 718

IF(SMBL «NEs NAME(13)) CALL SYMBL(=3+042475¢THePLNMeNNLo1)
CALL RECT(=4¢9=50¢98e¢0960090e93)

IF(SPACE FEGe NAMEC(7)) GO TO 711

CALL SYMBOL(=6342e49¢25912%9¢0e9-1)

CALL SYMBOL(1e696359e250129¢0e9~-1)

60 T0 712

CONTINUE

CALL SYMBOL(=e392¢49¢25910890e9-1)

CALL SYMBOL(12a69¢359¢25910890e9~-1)

IFCIUNIT oEQe 1) CALL SYMBOL(~6e592¢9¢15¢3HMPA90e93)
IFCIUNIT oNEe 1) CALL SYMBOL(=6594209¢1593HKSI90e93)
CONTINUE

CALL SYMBOL(-¢192e309e1091H2¢0491)

CALL SYMBOL(=¢192¢559¢1091H0906e91)

CALL SYMBOL (148906259441 091H190441)

CALL SYMBOL(1e890e509e1091H0eBe91)

GO0 T0 719

CONTINUE

IF(SMBL oNEe NAME(13)) CALL SYMBL(-2.343. 751THvPLNM9NNL91)
CALL RECT(=369=4e98a096e090493)

CALL SYMBOL(=e5¢3¢49462¢2H2R904e02)

CALL SYMBOL(-e7930490292590e9¢~1)

CALL SYMBOL(244963596292H2Q90e92)

CALL SYMBOL(2e29¢35942¢2590e9~1)

IF(SPACE +EQe NAME(T7)) GO TO 720 e
CALL SYMBOL(2e8¢062596159¢12990a9-1)

CALL SYMBOL(=6193¢39415412%9¢069¢-1)

G0 TO 719

CONTINUE

CALL SYMBOL(2¢890e259¢15910890469~-1) I

CALL SYMBOL(=4194343901591089049-1)

IFCIUNIT oEQe 1) CALL SYMBOL(~a593c9¢15¢3HMPA¢Ceoe3)
IFCIUNIT oNEe 1) CALL SYMBOL(~¢59369¢159¢3HKST90e03)

CONTINUE
ODX==2.85
DDY=~3.7

IF(CRITRIA oEQe NAME(3) +ORe CRITRIA +EQe NAME(8)) GO TO 900
G0 TO 901
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900

201

721

722

728

729

717

11

CALL SYMBO
CALL NUMBE
CALL SYMBO
CALL SYMBO
CONTINUE
IF(CRITRIA
*RIA90esl6)
IF(CRITRIA
*10)
IFCCRITRIA
*10)
IF(CRITRIA
*IAs0e915)
IF(CRITRIA
*RIA9Desl6)
IF(CRITRIA
*A 20016
CONTINUE
CALL PLT(S
*SCY34NPToT
CONTINUE
IF(MULTI .
IF(SMBL .E
GO TO 729
CALL PLOT(
CALL PLOT(
CONTINUE
IF(PARAM3
IF(PARAMI,
CONTINUE
CALL PLOTE
CONTINUE
WRITE 11
FORMAT(5X,
RETURN
END

SUBROUTINE
INTEGER CR
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
COMMON /BL
COMMON/BLK
COMMON/SBS

L(0e89=3e590e1594HF =90e94)
R(1e59=3e5940e159FS1290.41)
LC0e959=3e690e1292HXY90692)

L{l1e059~3e390e1291190e9-1)
eEQe NAME(3)) CALL SYMBOL(DDX9DDYs0e15¢16HTSAI WU CRITE
«EQe NAMEC(4)) CALL SYMBOL(DDX,DDY,.15;10HMAX STRESSe 0
eEQe NAME(S)) CALL SYMBOL(DDX¢DDYee15910HMAX STRAINgOeo
oEGe NAME(8)) CALL SYMBOL(DDXeDDY90.159¢15HCHAMIS CRITER
<EQ. NAME(9)) CALL SYMBOL(DDXyDDY9¢0e15,16HHOFFMAN CRITE
).EQ. NAME(10)) CALL SYMBOL(DDX9eDDYe0e15416HHILL CRITERI

TXIQSTY19$TX29STY20STX30$TY3,SCX198CY19$CX2 SCY24SCX3y

He9)

EQe NAME(14)) 6O TO 729

G. NAME(13)) GO TO 728

13e90093)

13¢9000-2) ' f

«EQe NAME(C11)) GO TO 717

NE«NAME(1)) GO TO 6

(N)

*FAILURE SURFACE FOR THIS LAMINATE HAS BEEN PLOTTEDw¥)

STRNG(THeHS e PMeNLDCN)

ITRIAGSPACE+PLANE
G(3¢3)eHL(40) 9 THC(40)eSFLN(40)9SFUNC4D)

GB(3)+G(3y 3)95FLL(40);SFU(40)9EN1(3)’END(3)1QQ(3)
SB3(393)eHT(40)9oTLC40) o TTC40) 9P (3)eHLCC(40)

SXCC40) ¢SXLC40) ¢SYLC40)9SYC(40)9SXLT(40)
FS11(40)¢ES22C40)¢VS12C40)9GS12(40)9SB1(343)9SB2(343)
DU2C3¢3)eDUG(I393)9DUS(3¢3)9E1(3)9E2(3I9FE3(3)9E4(3)
ETR(3)§ENT(3)9U(5)’DU7(393)9HS(41)9AN(3),AM(3)
NAMES(3)4ETR2(3)

K2/ ES114ES22¢VS124¢GS124NNL

JHLCoHT oTLoTT

/SB1¢SB24SB39PeGQeDTeC




700

602

603

209

109

OO0 0

4494

13
18
19

20

COMMON /BLK1/ SXLeSXCoeSYLeSYCeSXLTeHL

COMMON /UNIT/ IUNIT

COMMON /BLH/ HeHI

COMMON /BLDUZ/ DU2+DU44DUSeDUT

COMMON /SF/SFLeCOUNT

COMMON /CRIT/ CRITRIAsSPACE+PLANESFS12

NAMELIST /STRESS/ AN¢AM

DATA NAMES/THTSAI WUe9HMAXSTRAIN, 9HMAXSTRESS/

COUNT=2.

READ 7004CRITRIAGSPACE+PLANE ¢SMBL9FS12

IF(NLDCN +EQe 1) READ STRESS

FORMAT(4A104F10.3)

DO 601 ICND=1¢NLDCN

IF(NLDCN.EQs1) GO TO €02

READ STRESS

CONTINUE

WRITE 13

WRITE 603

FORMAT(EXe*APPLIED MECHANICAL STRESS AND MOMENT RESULTANTS NeMx)
CALL WRT1(AN)

CALL WRT1(AM)

WRITE 13

DO 600 K=1¢NNL

IF(ES11(K) .EQes 0e0) GO TO 600

DO 109 I=143

SUM1=0.

SUM2=0.

SUM3=0.

SUM4=0.

DO 209 J=143
SUM1=SUM1+DUTC(TIoJI*ANCUI=DUS(IoJI*AM(J)+HS(KI*(~DU2(14J)*ANCJ)+
*DUG (T o J)*AMCJ))
SUM2=SUM2+DUT(I19JI*AN(J)I=DUS(I4JI*AMCJI+HS(K+1)*x(=-DU2(T4J)*ANCJ)+
*DULG(T4J)*AM(UJ))

SUM3=SUM3+DUT(IeJ)* P(d)-DU5(I,J)*QQ(J)+HS(K)*(-DUQ(IQJ)* PCJ)+
*DU4G(14J)*QQCJ))

SUMA=SUM4+DUT(I4J)* P(JI=-DUS(TeJ)*QACJI+HS(K+1)*x(=DU2(Ted)*x P(J)+
*DU4(TeJ)*QQ(J))

CONTINUE

E1(I)=SUM1

E2(I)=SuUM2

E3(I)=SUM3

E4¢I)=SUM4

CONTINUE

E1(J) =MECHANICAL STRAIN COMPONENTS LOWER SURFACE
E2(J) =MECHANICAL STRAIN COMPONENTS UPPER SURFACE
E4(J) =NONMECHANICAL STRAIN COMPONENTS UPPER SURFACE
E3¢(J) =NONMECHANICAL STRAIN COMPONENTS LOWER SURFACE

WRITE 4494
FORMAT(SXs*EFFECTIVE NONMECHANICAL STRAIN COMP. AT LOWER SURF.*)
CALL WRT(E3,s5)

WRITE 13

WRITE 189TH(K)

FORMAT(SXg#mmmmmmmm o e e e e e e e e e o e e e ccmeececmmanemmeea—

FORMAT(S5X9e*ON AXIS STRAIN /STRESS COMPONENTS:I PLY ORIENe =*4F5.1)
WRITE 19

FORMAT(EX ¢*MECH/NONMECH LOWER SURF. UPPER SURFe. *)
WRITE 20
FORMAT(S5Xex MECH. 1 2 *)
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21

701

703

501
510

606

4492
46493
449

4491

502
505

WRITE 21

FORMAT(5Xe* NONMECH. - 3 4

WRITE 13

THT=TH(K)

CALL TRE(E14ETReTHT)

CALL TREC(E34ENTSTHT)

CALL NMSN(CoDTeEN1oHLCoHTeTLeTTeK)

CALL VDICENTsEN14END)

CALL MODULS(ESll(K)9E822(K)9V812(K)96812(K)999U)

CALL FAILCO(E14Gy SXL(K)QSXC(K),SYL(K)9SYC(K)'SXLT(K){GoGB)

CALL FSFTYCETReEND9G9GBsSMeSMN)
WRITE 701

WRITE 13

CALL WRTC(ETRy1)

CALL MVM(QeETReE1)

SFLL(K)=SM

SFLN(K)=SM/ (H*PM)

CALL TRECE24ETR2yTHT)

CALL WRT(ETR242)

CALL MVM(QeETR24E2)

CALL WRT(CEND¢3)

CALL MVM(GsENDSE3)

CALL TRE(E49ENToTHT)

CALL VDICENT4EN14END)

CALL WRTC(ENDy4)

CALL MVM(QeEND,E4)

FORMAT (10Xs*STRAIN COMPONENTS*)
WRITE 13

FORMAT (10X ¢*STRESS COMPONENTS*)
WRITE 703

WRITE 13

CALL WRT(E1s1)

CALL WRT(E242)

CALL WRT(E3¢3)

CALL WRT(E494)

CALL FSFTY(ETR24ENDyGyGBySMgSMN)
SFU(K)=SM

'SFUN(K)=SM/.(H*PM)

WRITE 13

IF(CRITRIA +EQ. NAMES(2)) GO TO 502
IF(CRITRIA «EQ. NAMES(3)) GO TO 503
WRITE S104CRITRIA
FORMAT(5X9A10s*FAILURE CRITERIA%)
WRITE 6069SFLL(K) ¢SFUCK)

FORMAT(5X9*STRENGTH RATIO R: LOWER SURFe=#4E10e39%

*F£10.3)

IFCIUNIT «EQel) GO TO 4492

WRITE 44914SFLN(K)¢SFUN(K)

GO TO 4493

WRITE 4494SFLN(K) ¢SFUN(K)

CONTINUE

FORMAT(SX¢*STRENGTH R# MPA { LOWER SURFe=*¢F10e3¢*
*F1043)

FORMAT(5X9*STRENGTH R# KSI : LOWER SURFe=#9F104s3¢*

*F10.3)

WRITE 13

GO T0 S04

WRITE 505

FORMAT(SEX ¢ *MAXIMUM STRAIN FAILURE CRITERIAx*)
WRITE 506
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506
507
508

503
509

504

702
600
601

FORMAT(SX ¢*MAX APPLIED STRESS RESULTANTS/ AVERAGE STRESSES*)
WRITE 13

WRITE 507

FORMAT(S5Xe*LOWER SURFACE*)
CALL MXSTRN(KeETReAN9sQePM)
WRITE 508

FORMAT(5X ¢ *UPPER SURFACE™*)
CALL MXSTRN(K4ETR24ANsQo¢PM)
GO TO 504

WRITE 509
FORMAT(EXe*MAXIMUM STRESS FAILURE CRITERIA%)
WRITE 506

WRITE 507

CALL MXSTRS(KyE1e4ANsPM)
WRITE 508

CALL MXSTRS(KeE29AN9PM)
CONTINUE

WRITE 702

FORMAT(1HO//)

CONTINUE

CONTINUE

RETURN

END

SUBROUTINE SYM(X)
DIMENSION X(343)
X(391)=X(1s3)
X(3942)=X(243)
X(2¢1)=X(192)
RETURN

END

SUBROUTINE SYMBL(X9eYeTHePLNMgNeI)

DIMENSION TH(20)4PLNM(20)

CALL SYMBOL(XeYeselS9e4HNNL=90eoe#%)

X1=X+.6

HNL=N

CALL NUMBER(X19YeelS5¢HNL9Oo9~1)

X2=X=a25

Yl1=Y=-.25

CALL SYMBOL(X29Y19e159144490e9~1)

CALL SYMBOL(X19Y1l9el5¢5HPLIESeOe95)

XS1=X=-425

XS2=X+.8

YS1=Y=455

NHL=N/2

DO 1 INL=1e¢NHL

IF(I +EQe 0 +AND. INLe GTs 2) GO TO 2

IFCTHCINL) oGEes 0e) CALL NUMBER(XS19YS19e159TH(INL) 90e91)
XS$3=XS1-.15

IFCTHCINL) oLTe 0e) CALL NUMBER(XS39YS19e15¢THC(INL)9Oesl)
CONTINUE '
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IF(I «EQe 0 oANDe INLe GTe 2) CALL SYMBOL(XS14YS1921541404009~1) .
IFCI oEGe 0 oANDe INL oEQe 4) CALL SYMBOL(XS39YS1yel15s1H-90es1)
CALL NUMBER(XS24YS19a154PLNMCINL) 4049-1)
¥S1=YS1-43
1 CONTINUE
- RETURN
END

SUBROUTINE TRE(ZsTsTHE)
DIMENSION 2(3)¢T(3)
TH2=2.+THE
C=COSM(TH2)
S=SINM(TH2) -
P=0.5%(Z(1)+2(2))
Q=0.5+(Z€1)=2¢2))
R=0s5+2(3)
T(1)=P+Q*C+R*S
T(2)=P=-Q*C-R*S
T(3)==24%(Q*S-R*C)
RETURN

END

SUBROUTINE TRS(ZsTeTHE)
DIMENSION Z(3)sT(3)
TH2=24*THE
C=COSM(TH2)
S=SINM(TH2)
P=0.5%(2(1)+2(2))
Q=0.5%(2¢1)=-2(2))
R=Z(3)
TC(1)=P+Q@*C+R*S
T(2)=P-0Q*C=R*S
T(3)=-Q*S+R*C
RETURN

END

SUBROUTINE US(QeU)
~ DIMENSION Q(343),U(5)
. . SQ12=0(€141)+Q(242)
SQ24=2.%Q(192)+4,%Q(343)
S UC13=(3.%SQ12+SQ@24)7/8.
. UC2)=(0(141)-Q(242))/2.
U(3)=(S012-SR24) /8
Uca)= <sa12+e.*e(1.2)-4.*0(3,33)/8.
UCS)=(SQ12-2e%Q(192)+44%Q(393))/8.
. RETURN
END
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SUBROUTINE VDI(AsBe+C)
DIMENSION A(3)9B(3)9C(3)
DO 1 I=1e3
C(IN=A(I)-B(I)

CONTINUE

RETURN

END

SUBROUTINE VNF(VsVN)
DIMENSION V(3)eVN(3)
00 1 I=1,43
VN(I)==V(I)

CONTINUE

RETURN

END

SUBROUTINE WITE(GsA)

DIMENSION Q(343)9A(343)

DO 1 I=143

WRITE 20(Q(ToU) =139 (ACIoJ)sJU=193)
FORMAT(2X9e3E11e391X93E1163)

CONTINUE

RETURN

END

SUBROUTINE WITE1(XsY)

DIMENSION X(393)aY(343)

DO 1 I=143
WRITE24(X(IgU)eU=193) el Y(IaK)eK=193)
CONTINUE

 FORMAT(2Xy6F10e1)

RETURN
END

SUBROUTINE WRITE(Q)
DIMENSION Q(343)

DO 1 I=143
WRITEZ2¢(Q(19U)ed=1e3)
FORMAT(10Xe3(10XeE163))
CONTINUE

RETURN

END
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SUBROUTINE WRT(XeINDX)
DIMENSION X(3) '
IF CINDX.GTe4) GO TO 1
WRITE2+INDX ¢ (X(I)9I=193)
FORMATC(10XoI493E1643)
RETURN
WRITE3s(X(I)eI=193)
FORMAT(10X9s3E1643)
RETURN

END

SUBROUTINE WRT1(X)
DIMENSION X(3)
WRITE2+(X(I)eI=143)
FORMAT(IOX,SFIG.S)
RETURN

END

FUNCTION COSM(ALPHA)
DATA  CONV/.017453292519943/
IF(ALPHA oEQGe 9040 o0Re ALPHA oEQe 2704) GO

* * [ ] [ J L J L ] TO 10
IF(ALPHA +EQe¢~90.0 +ORs ALPHA +EQe=270.) 60 TO 10
COSM=COS(CONV=*ALPHA)
RETURN

COSM=0.

RETURN
END

FUNCTION SINMCALPHA)

" DATA CONV/.017453292519943/

IF (ALPHA +EQ. 180+ o«ORe ALPHA <EQe 360.) GO T0 10
IF (ALPHA oEGQe=180. «ORe ALPHA <EQe=360¢) 60 7O 10

SINM=SIN(CONV*ALPHA)

'RETURN

SINM=0.
RETURN
END

FUNCTION VVM(XeY)
DIMENSION X(3)4Y(3)
SUM=0.0

DO 1 I=143
SUM=SUM+X(I)*Y(I)
CONTINUE

VVM=SUM

RETURN

END
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TRANSFORMATIONS

Input
Objective Card # Data Format
Stress Trans. 1 TRANSFORMb STRESS  (2A10)
2 Oyr Og 66’ ge° (4F10.3)
Strain Trans. ' 1 TRANSFORMb STRAIN (2a10)
2 €17 E9r Egy ge° (4710.3)
Modulus Trans. , 1l TRANSFORMb MODULUS (2A10)
2 Material® Units* (2A10)
3 pe (5F10.3)
Compliance Trans. 1 TRANSFORMb COMPLIANCE (2A10)
| 2 Material+ . Unitg* (2210)
3 po (5F10.3)
Modulus & Compliance
Trans. l TRANSFORMb MODCOM (2A10)
2 Material+ Units* (2A10)

3 go _ (5F10.3)

*Units - either SI or English

*1f the name of the material being used is not given in Table 1,

give NEW and replace the card #3 by E.r E_, Ver Egy 6°. E,r E
and ES are in GPa. y : y

b denotes‘a blank column between two commands.

Input commands are punched strictly according to the format. The
first letter starting from the first column of the assigned columns.
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Material Properties

The material properties of seven commonly used materials,
given in Table 1, are included in the program. These properties
can be used by providing the corresponding material name for pure
laminates and the material property identification number for .
hybrid laminates. If the problem under investigation requires
material properties different from those given in Table 1, the
existing values can be replaced through appropriate input data.
The following data cards are used:

(1) NEWMTRLS Format (Al0)
(2) bSLAMDATAb NNM= , EX= , EY= ... etc. such that
NNM = Number of materials being read in
EX = E, for each material
EY = Ey -do-
VX = Vg -do-
ES = Eg ~-do-
ALFX = Oy ~do-
ALFY = ay ~do~-
BTAX = BX ~do-
BTAY = By -do-
X = X -do-
XD = X' -do-
Y = Y -do-
YD = Y -do-
S = S -do-
SH = hO ~do-

For the use of these properties in the mechanics problems, the
corresponding names or material property identification numbers
given in Table 1 are used. The units of these input quantities
are the same as those of Table 1, i.e. SI units. The output results
can be obtained either in SI units or in English units, by providirng

suitable instructions. 66
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Laminate Analysis

~ On the basis of lamination theory, the effective material
properties and strength characteristics of multidirectional lam-
inates are studied by using the following input data:

(1) LAMINATE bb TYPE Format (4A10)

(2) CASE © PARAM " PARAM1 PARAM2 PARAM3
Format (5A10)

The various choices for the parameters - TYPE, CASE,
PARAM, PARAM1-3 are given below:

INPLANE
TYPE
GENERAL
PURE
CASE
HYBRID
DIMYNSIONL
_ NORMALIZED
PARAM BOTH
(Effective
Modulus) ENGCONST
ALL
Blank for none
DIMENSIONL
PARAM1 NORMALIZED
(Effeqtlve BOTH
Compliance) o
Blank for none
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STRENGTH
STRNGTHPLT
PARAM? PLTSTART
(Strength) PLTEND
PLTONE

Blank for none

ENGCPLT
PLTSTART
PLTEND

PLTONE

Blank for none

PARAM3
(Engg. Constants)

(3) Title of the problem
Format (8Al1l0)

(4) If the CASE is pure then:
(a) MATERIAL* UNITS' (2A10)

*name of the material from Table 1
*S1 or English

(b) bSLAYERbNNL= , TH= , PLNM= ,
DT= , C= ; NLDCN= $§
NNL = Total number of layers
TH = el, 92, . e eNNL’ bottom ply is the first ply
PLNM = Number of plies corresponding to each ply
orientation
DT = Temperature difference, AT
C = Moisture content

NLDLN Number of loading conditions considered

I

In all cases when PARAM2 is not STRENGTH, NLDCN is not active and
is given equal to 1. When PARAM2 is STRENGTH, NLDCN is active
and will require like number of STRESS input cards following card

#(5).
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If the case is HYBRID then:

. ;
(c) bSLAYERSbLNNIL= y LMPI= , TH= ; PLNM= ¢ IUNIT=
DT= C= , NLDCN=  bb$

NNL = Total number of layers

IMPT = Layer material property 1dent1f1catlon
‘number (Table 1)

TH = el, 92, 63 cen eNNL starting from bqttom

IUNIT = 1 for ST and 2 for ENGLISH units

PLNM = Number of plies corresponding to each
orientation

DT = Temperature difference

C = Moisture content

NLDCN = Number of loading conditions considered

(5) CRITERIA SPACE PLANE SMBL FS12 MULTICURV FCTRS FCTRF.+

(IF APPLICABLE) (4Al0, F10.3, Al0, 2F10.3)

TSAI WU
CHAMIS
HOFFMAN
HILT,
MAXSTRAIN
. MAXSTRESS

CRITERIA

STRESS
STRAIN

SPACE

OR
PRINCIPAL -

PLANE

*b denotes a blank column.

+FCTRF remains the same for all cases in a computer run.
' 69
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¥512:

MULTICURV:

FCTRS:

FCTRF:

SUPERPOSE
YES

SMBL

Quadratic polynomial failure criteria interaction

term.

If the failure surfaces following the failure surfaces
being generated are going to be drawn in the same

figure, use this command. Otherwise, leave blank.

Factor by which the scale for strength plot to be

altered.

Factor by which the figure size in the ztrength plot
to be altered.

(6) bSSTRESSb AN = Nl' N2, N6' AM = Ml' My M6bb$

where AN(I), I =1, 2, 3

Mechanical stress resultants

il

Mechanical moment resultants

amM(I), I 1, 2, 3

(7) THEEND Format (Al0)

This card denotes the end of input instructions.

Description of Each Command

TYPE:

CASE:

What type of laminate is being considered, INPLANE oxr
GENERAL? If only inplane analysis is conducted, one
can still use general option, but some of the outpits
may not be of interest. Also because in the inplane
case stacking sequence does not matter, the input

instructions become a bit simpler.

Which case of the laminate material system is under
consideration, PURE or HYBRID? For a pure laminate
the data card stating the name of the material is
sufficient, whereas in hybrid laminates the layer
material property identification number (LMPI) for
each ply orientation is required. This parameter
(LMPI) is given in SLAYERS card. The description of
LAYERS card is given in #(4)c, page 69.
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PARAM: What quantities in the effective modulus of the lam-
inate are required?

DIMENSIONL: Dimensional effective modulus matrices A, B,
and D. | »

NORMALIZED: Normalized effective modulus matrices A*, B¥*,
and D*, |

BOTH: Both dimensional and normalized modulus
matrices A, B, D and A*, B*, D%,

ENGCONST: Effective inplane engineering constants of

the laminate Ei, E%, v%l, Eg and effective

flexural engineering constants Ef, Eg, Vgl' Eg.

ALL: All the aforementioned quantities.

Blank: If you don't want any of these guantities
leave this column blank. .

PARAM1 : What quantities in the effective compliance of the
' composite laminate are required? '

DIMENSIONL: Dimensional effective compliance matrices o,
' g, §. ‘

NORMALIZED: Normalized effective compliance matrices a*,

BOTH: Both dimensional and normalized compliance

matrices o, B, 6 and a*, B*, &%,

PARAM2: This command controls the strength predictions and
plotting the failure surface.

\
STRENGTH : Computes the strength ratio R for each ply

orientation and corresponding parameter R/h
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STRNGTHPLT :

PLTSTART:

PLTEND:

PLTONE:

Blank:

for a given loading condition. These parameters
are calculated on the basis of six different
failure criteria viz. Tsai Wu, Chamis, Hoffman,

Hill, maximum stress (MAXSTRESS) and maximum

"strain (MAXSTRAIN) failure criteria. The

criteria to be used has to be assigned at an

appropriate place in the input data.

This command generates failure surfaces for
each ply orientation of the laminate. The
program is set such that it will give failure
surfaces for the first three ply orientations,
or all the ply orientations. For chtaining
failure envelopes for all the plies in the
laminate if the number of plies is more than 6,
the SMBL parameter in card number 5 is SUPER-
IMPOSE, otherwise blank. There is a choice of
failure criteria space, plane and the failure
criteria interaction term F§Y' as given in

card 5.

If the plot assigned by this card is the first,
strength (engineering constant) plot in the
Job PARAM3 (PARAM2) should be PLTSTART.

If the plot assigned by this card is the last
strength (engineering constant) plot in the
Job PARAM3 (PARAM2) should be PLTEND.

If there is only one strength (engineering
constant) plot in the Job PARAM3 (PARAM2)
should be PLTONE.

If no strength/ effective engineering constants
plot is required leave these columns blank.



PARAM3: This command controls the plots of effective engi-

neering constants versus the angle ply ¢ in the lam-
inate (en/ep/i¢q)s.

ENGCPLT:

PLTSTART
PLTEND :
PLTONE
Blank:

CRITERIA:

SPACE:

PLANE:

This command will give the plot of the effec-
tive engineering constants E?, Ez; E% and v%l.

As mentioned in PARAM2.

If no effective engineering constants/strength
plot is required.

There is a choice of failure theories that
can be used for finding the successive ply

strengths of the laminate. Six failure theo-

ries [9] have been included in the program.

In the quadratic polynomial failure criteria,

the'hygrothermal”effects’are'inCluded whereas in
the Max. stress and the Max. strain failure theories
these effects are not included.

The failure surfaces can be obtained either

in stress space or in strain space.

Stress space and strain spaces can be repre-
sented either in principal stress or strain
loadings or in gr plane loading in which:

Pa = (eq +ey)/2 = 0

q. = (e —ex)/2, r, = g./2
p, = (o % 6,)/2 = 0

d5 = (o) = 05)/2

r, = Og
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By assigning the PLANE parameter as QR a
strength plot in gr space can be obtained.
Otherwise the strength plot will be in princi-
pal strain or stress space as the case may be.

SMBL: This input parameter controls the plotting of
failure surfaces w.r.t. the number of plies
for which the failure surfaces are plotted.
SUPERPOSE will plot the failure envelopes of
all the plies if the number of plies is up to
50. If the corresponding columns are left
blank, failure envelopes for the first three

layers will be plotted. The laminate layer data

should be given such that the first three oriencations
are of prime'fhterestT

FSl2: The fajilure criteria interaction term (F;y)
in the case of Tsai Wu and Chamis failure
criteria.

MULTICURV: In case the failure envelopes generated by

the current data input is going to be plotted
on the same figure as those generated by the
following data set provide the command
MULTICURV in the corresponding columns, other-
wise leave these columns blank.

FCTRS: For changing the scale of the strength plot,
i.e. for reducing the scale to 1/2, FCTRS is
given as 0.5.

FCTRF: For changing the figure size in the strength
plot, i.e. for increasing the figure size by
25%, FCTRF is given as 1.25. TFCTRF < 1.4.

TFor Taminates with a number of ply orientations Tess than 3, Taminate data
should be arranged such that NNL=3. This precaution is taken to avoid the
use of unspecified values of PP (i=2,3) in case NNL=1, stored in the
available spaces.
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I. Transformation of in-plane stress (ol, Py 06) through an

angle 6.

1t

15. MPa, o, = 12. MPa, 6 = 27.5°

c, = 10, MPa, ¢ 6

1
Input data:

2

TRANSFORM STRESS

10, 15. 12, 2745
THEEND
Output :
STRESS TRANSFORMATION THRU  27.5 DEGREES
SIGMA1 SIGMA2 SIGMAE
GIVEN 104000 154000 124000
TRANSFORMED 204896 44104 84531

. N D R W e B s G S G TS MR N WD R G WD N G D D W G D M D W M I IS GG W ED G B SN W G D G G OGN G MR WS W G R W e W

IT. Transformation of in-plane strain (ei,‘ez, €6) through an

angle 9.

e = 2.0, €y = .05, € = 1.0, 6 = 15.0

’

Input data:

TRANSFORM STRAIN

2.0 « 05 1.0 1540
THEEND
Output:
STRAIN TRANSFORMATION THRU 15« DEGREES
EPSLN1 EPSLN2 EPSLNG
GIVEN 2.000 «050 1.000
TRANSFORMED 2119 ~«065 ~e109
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IIT. Modulus/Compliance Transformation

1. Transformation of modulus matrix of T300/5208 material stored
in the program through 30° angle.

2. Transformation of'compliance matrix of AS/3501 material stored
~in the program through 30° angle.

3. Transformation of modulus matrix and compliance matrix of
'a new material through 30° angle.

EX‘= 190. GPa, Ey = 12.0 QPa, Ve = 0.3, E_ = 8.1 GPa.

S
Input:

TRANSFORM MODULUS -

1300/5208 ENGLISH Case(:)

3040
TRANSFORM COMPLIANCE ‘

AS/3501 S1 ' Casec:)

3040
TRANSFORM MODCOM -
NEW ENGLISH Z]

190. . 1240 0.3 841 3060 Case(:)

THEEND
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Outgut :

 ENGLISH UNITS
‘MODULUS TRANSFORMATION THRU 30. DEGREE ANGLE
(l.E+06 PSI)

e S e YR WS T R GG T AR L R SR MDD ED WD WE W GD W R G SIS P N W G W NN WD WS SR G GS SR ED e G W D I G SR D S D G S W W Y e S e e

MODULUS OF THE MATERIAL TRANSFORMED MODULUS
26¢4 o4 0.0 15.9 447 79
X 1.5 0.0 447 3e4 2¢9
C.0 0.0 1.0 Te9 249 S5¢3

SI UNITS
COMPLIANCE TRANSFORMATION THRU 30. DEGREE ANGLE
(1/TPA)

COMPLIANCE OF MATERIAL TRANSFORMED COMPLIANCE
7e2 ~2e2 0.0 366 -5.5 -49.0
-2e2 111.6 0.0 =55 8848 ~41e4
0.0 0.0 140.8 “49.0 “41e4 127.6

ENGLISH UNITS

MODULUS TRANSFORMATION THRU 30. DEGREE ANGLE
(l.E+06 PSI)
MODULUS OF THE MATERIAL TRANSFORMED MODULUS
277 5 0.0 16.8 5.0 8.2
5 1.8 0.0 Se0 38 3.1
0.0 Oe0 1.2 8e2 3¢l Seb6
COMPLIANCE TRANSFORMATION THRU 30+ DEGREE ANGLE
(1.0E-09/PSI) .
COMPLIANCE OF MATERIAL TRANSFORMED COMPLIANCE
363 ~10.9 0.0 211.8 -51.9 -280.4
"10.9 57406 0.0 -51.9 481.0 "185.8
000 000 851.2 "280.4 '185.8 687.3
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L

f"f“

Effective material propé:ties of laminates and strength of
sandwich laminates:

,Modulus matrix 5 for a’(0/90)s_laminate - dimensional.
Modulus métrix §*‘for a (0/90) laminate - normalized.
Cbmpliance matrix ?‘for,a (0/_90)s laminate - dimensional. 
Compliahce'matrix a* for a (0/90) ‘laminate —'normalizéd.
Englneerlng constantﬂ for a (0/90) laminate;

Strength of a sandw1ch 1am1nate. One layer thickness of

sandwich core is equal to the thickness of eight plieé.

Input::

LAMINATE INPLANE
PURE DIMENSIONL \
MOCULUS MATRIX FOR (0/90)~SYMM,. LAMINATE
T300/J208 S1
$LAYER NNL=44TH= 0-,2*90.90.,PLNM 4%]1e9DT=00s
C=0esNLDCN=1
LAMINATE INPLANE
PURE . NORMALIZED : B
MODULUS MATRIX FOR (0/90)~-SYMM. LAMINATE
T300/5208 SI ‘
$LAYER NNL= 41TH20o92*9001U-QPLNM=4*1-QDT=0o9
C=0e«oNLCCN=1 $ R .
-LAMINATE INPLANE
PURE : DIMENSIONL :
COMPLIANCE MATRIX FOR (0/90) SYMe LAMINATE

T3060/5208 SI

$LAYER NNL=44TH= 0.,2*90-90.,PLNM 4*1.90T Do
C=0esNLDCN=1. %
LAMINATE ~INPLANE

PURE NORMALIZED

COMPLIANCE MATRIX FOR (0/90)-SYM. LAMINATE
T300/5%208 SI1

-SLAYER NNLzZ44TH= 0-92*90.10-9PLNM 4%1e9DT=04s
C=0eeNLDCN=1 ¢
LAMINATE INPLANE
PURE ENGCONST ‘

ENGINEERING CONSTANTS FOR (0/90)-SYMe LAMINATE

130075208 SI

ﬁr.

$LAYER NNL=49TH=0e92%*90e9009sPLNM=4%104DT=0s¢
C=0+.9NLDCN=1 %
LAMINATE  INPLANE
HYBRID : STRENGTH a . '
STRENGTH OF (0/0/90/90/4CORE)Y-SYMMs LAMI., TSAI-WU FXYS==e5
$LAYERS NNL=S¢LMPI=2%19692%19¢TH=0e9300e90e950e90sy
PLNM=2%2491e92*%2¢ 9 IUNIT=1¢DT=00e9C=0+49NLDCN=1 $

TSAI WU STRESS - =05
$STRESS AN=1490e90esAM=3*0, $

THEEND
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MODULUS MATRIX FOR (0/90)=SYMM. LAMINATE

NUMBER OF PLYS = &4

ANGLES CF PLY ORIENTATION IN DEGREESe BOTTOM LAYER=1
0.0 9040 9040 00

NUMEFR OF LAYERS FOR CORRESPONDING PLY ORIENTATION

140 140 140 1.0
MATERIAL PROPERTY TDENTIFICATION NUMBER FOR CORRe. PLY
1 1 1 1
TEMPERATURE DT= 0.0000 MOISTURE= 0«0000
ST UNITS
A B
& D
048[.“-4'08 0145E*07 Do 0291E‘10 0. 0.
e145F407 «480E+08 0. O o637TE=11 QO
"D O «358E+07 0. Do «e90%E-12
«291E-10 0. Oe «167E+01 «302E=-01 Ce
03 «637E-11 0, «302E-01 «331E+00 Q.
Coe 0o e 209E~-12 0. 0o «T4TE-01
MODULUS MATRIX FOR ¢0/90)=-SYMM, LAMINATE (:)
NUMBER OF PLYS = 4
ANGLFS OF PLY CRIENTATION IN DEGREESs BOTTOM LAYER=1
Nel S040 9060 040
NUMBER OF LAYERS FOR CORRESPONDING PLY ORIENTATION
1.9 140 140 140
MATERIAL PROPERTY IDENTIFICATION NUMBER FOR CORRe PLY
1 1 1 1 '
TEMPERATURE DT= 0.00080 MOISTURE= 0.0000
SI UNITS
A B#
IB# D# GPA
Sfk.1 249 0.0 ) 0a0 0.0
2e% 96.1 0«0 0e0 o0 00
060 0e0 Te2 0a0 00 o0
o0 Cel 0e0 160.4 2% 0.0
Cel o0 0.0 249 Il.8 0.0
0.0 0.0 o0 0.0 0.0 Tel
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COMPLIANCE MATRIX FOR

(0/20)-SYMe LAMINATE

e G EE M e Gm T Gm e M GG R L G SR G G S R G G G G G S M W M G G s S S G W AP D G M EN MR SR B SR SR R e Gr e Gn W G G0 S G G N S B e e

NUMBFR OF PLYS = 4
ANGL £S OF PLY ORIENTATION IN DECREES, BOTTOM LAYER=1

«0 90,
NUNbER
1.0 1.

0 3040 0.0
OF LAYERS
0 1.0 1.9

FOR CORRESFONDING PLY ORIENTATION

MATERTAL PROPERTY IDFNTIFICATION NUNBER FOR CORRa. PLY
1 1 1
TEMPERATURE DT= 0.0000 -MCISTURE= 0.,0000
SI UNITQ'
ALPHA BETA
TRSETA DELTA
e 208FE =07 =o628E-09 04 ~e364E-18  4452E-19 D

-+ 6280-09 «208E-07 G e182E=-19 =4402E-18 0.

e Co ‘279€°66 Ue 0 -.340E'17
~edb4E~ 18 .182t-19 C. «600E+00 =-4547E-01 Q.
e452F-19 -.402E-18 0. ' . =e54TE-01 e303E+401 O

O 0e -e340FE-17 0. 0. e134E+02

MONMECHs STRESS AND MOMENT PEQULTANTQ NeM
1 O Oe
0. O O

W s e e e e W e WA N T MR WD W MR MR M G Sh We R G WG M G D e we M T e M M WS G M UM AN G G M W T e e e G SR GM G S W AR G MR S G e e

COMPLIANCE MATRIX FOR (€¢0/S0)-SYM. LAMINATE

NUMBER OF PLYS = ¢4
ANGLES OF PLY OPIENTATION IN DEGRELSq BOTTOM LAYER=1

Cel S040 3040 LaO-
NUMBER OF LAYERS FOR CORRESPONDING PLY ORIENTATION
1.0 1.0 140 1.0
MATERIAL PROPERTY IDENTIFICATION NUMBER FOR CORRe PLY
1 1 1
TEMPERATURE DT= De00CO MOISTURE= 0.0000
‘ SI UNITS
ALPHAH BETA#/3
TRSBTA#  DELTA# (1./TPA)
10.4 °o3 D.O —00 00 000
-e3 10-4 0-0 00 '00 000
D0 0.0 139,.,5 00 0.0 -e0
-0 o0 0.0 602 -eb . 0e0
«0 -0 0.0 -6 3145 0.0
Le0 0.0 ~oC - 0e0 0.0 139.5
NONMECH. EFFECTIVE STRESS AND MOMENT N#oM#
D 0 Oe
Do Oe




ENGINEERING CONSTANTS FOR (0/S0)-SYMe LAMINATE

NUMEEP OF PLYS = 4

ANGLES OF PLY ORIENTATION IN DEGREESe BOTTOM LAYER=1
0.0 304C 9040 D40

NUMRER OF LAYERS FOR CORRESPONDING PLY ORIENTATION
140 140 10 1.0

MATERIAL PROPERTY IDENTIFICATION NUMBER FOR CORRe FPLY

1 1 1 1 .
TEMFERATURE DT= 00000 MOISTURE= 00000
SI UNITS

SOME ENGINEERING CONSTANTSs ES IN GPA
INPLANE 24 El1= 95,991 E2= 9%.,991 V21= «030 FEe=
FLEXURALSSEF1=160e114 EF2= 314727 VF21< «091 EF6=
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STRENGTH OF (0/0/SG/20/4COREY-SYMM, LAMI. TSAI-UHU FXYS==.5 ' <:>
NUMEBER OF PLYS = 5
ANGLES GF PLY ORIENTATION IN DEGREES, BOTTOM LAYER=1
. 0e¢0 9040 O0e0 900 0.0 :
' NUMBER OF LAYERS FOR CORRESPCMDING PLY ORIENTATION
20 240 10 2.0 2.0
MATERIAL PROPERTY IDENTIFICATION NUMBER FOR CORR. PLY

1 1 6 1 1
TEMPERATURE DT= N.0000 MOISTURE= 0.0000
ST UNITS
APPLIER MECHANICAL STRESS AND MOMENT RESULTANTS NeM
1.000 0.000 0.000
0900 C.000 C.000
EFFECTIVE NONMECHANICAL STRAIN COMP,
0. G. 0.
ON AXIS STRAIN /STRESS COMPONENTS: PLY ORIENs. = 0.0
MECH/NONMECH LOWER SURF. UPPER SURF.
MECH. 1 2
NONMECH . 3 4

1 «104E-07 ~e314E-09 Ne
2 «104E~07 -~314E~-09 0
3 0. . . 0. O.
4 O Oe 0.

1 +18SE+04 «269E+02. 0.
2 . «189E+04 +269E+02 0.
2 0. 0. 0.
4 C. ' 0. 0.

\ TSAI WU FAILURE CRITERIA S
. STRENGTH RATIO R: LOWER SURFe= +682E+06 UPPER SURFe= .682E+06
: STRENGTH R# MPA :~LONER<§URF.= 340.941 UPPER SURF.— 340.941

FFFECTIVF NONMECHANICAL STRAIN COMP,
0o e . ) 0
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ON AXIS STRAIN /STRESS COMPONENTS:

MECH/NONMECH LCWER SURFe
MECH. 1
NONMECH, 3

PLY CRIEN. =

UPPER SURF.,

S0.0

1 -« 314E-09
2 -e314£-09
3 De
4 0.

«104E-07

1 ~e269E402
2 ~e26%E+02
3 0
& 0.

. «1D7E+03
«107E+03

O

0.

TSAT wuU FAILURE CRITERIA
STRENGTH KATIO R: LOWER SURFa.=
STRENGTH R# MPA ! LOWER SURFe=

«373E+06
1864698

UPPER
UPPER

SURFe= «373E+06
SURFe= 186.698

0. 0.
ON AXIS STRAIN /STRESS COMPONENTS: PLY ORIEN. =
MECH/NONMECH LOWER SURF.
MECH. 1
NONMECH. 7

UPPER SURF e

1 -e314E-09
2 -e314E-09
3 O
4 Ce

«104E-07

1 ~e269E+02
2 - 269E+02
3 fi.
4 ' Ce

«107E+03
«107E+03
0.
O

TSAI WU FATLURE CRITERIA
STRENCTH RATIO R: LOWER SURF.-=
STRENGTH R# MPA : LOWER SURFe=

«3T3E+06
186.698

UPPER
UPPER

SURFe= e 37T3E+06
SURFe= 186.698
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Oe 0.

ON AXIS STRAIN

MECH/NONMECH LOWER SURF.
MECH ' 1
NONMECH . 3

STRAIN COMPONENTS

/STRESS COMPONENTS:

EFFECTIVE NONMECHANICAL STRAIN COMPe

PLY ORIEN. =

UPPER SURF.

2
4

-¢314E~09
~e314E-09
0.

«26%E+02
«269E+02
0.
Oe

- W UL B N M G WS G G N B N SR TR G5 G G A N e S M e G G G W WS B M M D G G M GG G R G SN GNP N W GL B EN G RS R M WE R G G e e

- e G e e M e e e G R M GB GD R ER MR M GG WG W WG S R WD MU MG e M G g G S W S GRS GE IS G e ED AR M G S M TR R G G G TR MR G W e W e B

————————————————— b b En S s ew Ee PR G G e e s S MR S EN G G M NS BN N K A ML GID W G W R W IN GS Rs S M S G B G WS E e

1 «104E-07
2 «104E-07
4 0.
STRESS COMPONFNTS
1 «18%FE+04
2 _ «189E+04
2 0.
4 0.
. TSAT WU FAILURE CRITERIA

! " STRENGTH RATIO R
STRENGTH R# MPA 2

LOWER SURF .=
LOWER SURFe.=

«E6B2E+06

UPPER
UPPER

SURFe= +682E+06
SURFe= 340,941
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V. Unsymmetric Laminates:

Replace the properties of first two materials by new material
properties, calculate the effective modulus matrices and engineering
constants and‘conduct the strength analysis of two unsymmetric
laminates in the presence of curing stress

1. Laminate (30/—30/30/-30/90/90) total.
2. Laminate (0/90/45/-45) total.

Input data:

NEWMTRLS SI
SLAMDATA NNMZ24EX=113.080137e9¢EY=9e24911039VX=2%,3,
ES=2%5e869ALFX=2#=q0 g ALFY=2%23,049BTAXS=2%049BTAY=2204s
X=2%1448,9XD=14848B49Y=2451,T9YD=24207¢S=2493,SH=,000125 $
[~ LAMINATE GENERAL
PURE ALL""" " BOTH STRENGTH
(30/-30/30/-30/90/90)-TOTAL LAMINATE
T300/5208 ENGLISH
$LAYER NNL=6¢TH= 2*90.9‘30.’3009‘300930.’PLNM 6%14¢DT==17540
C=0.94NLDCN=1"$
TSAI WU 0.5
. SSTRESS AN=1.0220.9AM=3+0. $
LAMINATE GENERAL
PURE ALL BOTH STRENGTH
(0/90/45/=45)=TOTAL LAMINATE
T300/75208 ENGLISH
$LAYER NNL=4, TH--qs..qs.,eo.,o..PLNM 4%149DT==17549
C=04 9 NLDCN=1"
TSAI WU -0.5
SSTRESS ANT1,92%0e9AM=320, $ '

THEEND

Note: The stacking sequence is such that the bottom ply corresponds
to TH(1) in the input data card "$LAYER", where as in
customary notation symbols (0/90/+45) ,.o denotes top ply
angle and -45 denotes bottom ply. '

Output:
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(30/-30/30/-30/920/9C)-TOTAL LAMINATE

NUMBER OF PLYS = &6

ANGLES OF PLY CORIENTATION
90¢0 90e0-30e0 3040-3040 3040

NUMBER OF LAYERS FOR CORRESPONDING
10 10 1.0 ‘
MATERIAL PROPERTY IDENTIFICATION NUMBER FOR CORRe PLY

1.0

1

1 1 1

1.0 140

1

TEMPERATURE DT= =175.0000

«214E+06
«624E+05
G

«855E+03 -

e 249E+03
2231403

INPLANE

FLEXURALC9EF1=

e 767E-05
~e328F~D5
«210E-05
~e382E~03

~e247E~03"

~+198E-03

NONMECH.

IN DEGREESs BOTTOM LAYER=1

PLY ORIENTATION

MOISTURE= 0.0000
ENGLISH UNITS
B
D
«624E+05 O «855E403 «249E+03 «221E+03
«214E+06 0O e249E+03 =~,135E+04 «8TEE+02
0. e TSEE+DS +231E403 o8T76E+02 «249E+03
«249F+03 «231E+03 «127E+02 «e373E+01 «228E4+01
~el135E+404 e 8TEE+D2 «373E+01 «200E+02 «863E+00
«8T76E+02 - 4245E+03 «228E+01 «863E+00 «46RE+D1
A% B#
3B# D# l1.E+06 PSI
2.1 0.0 2.0 06 075 |
7-2 0-0 o6 "3.1 02
0.0 2eb 5 2 o6
l.7 1.6 59 1.7 o1
-9.3 -6 107 903 o‘(
o6 1.7 1.1 o4 o2’
SOME ENGINEERING CONSTANTSe ES IN 1.E+06 PSI
te El1z 64611 E2= 6.611 V21= «292 E6= «558
561851 EF2= 84782 VF21= o167 EF6= «288
ALPHA BETA
TRSBTA DELTA
-+ 328E=-05 «210E-05 e 382E=03 =-.247E~03 =4198E-~03
«114E~04 e493E~-07 «238E-03 «862E-03 ~+973E-04
«423E-07 «170E-04 «295E-03 =4505E-05 =-+8€1E-03
-e238E-03 «295E~-03 «127E+400 =-.330E-01 =-,166E~01
«862E~03 «505E=-05 «330E-01 «118E+00 =-4937E~-02
~e973E-04 «e861E~-03 +166E-01 ~.8937E-02 «281E+00
STRESS AND MOMENT RESULTANTS N¢M
-e362E+402 -« 362E+02 «119E-11
«25T7E+00 -e257E+00

37
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ALPHA® BETA#/3
TRSBTA# DELTA#H 1.0E~-09/PSI
22667 -9%6.9 6242 -5546 -35.9 ~2848
~96.9 33763 1.5 ~24e7 125.4 14,2
622 1.5 501.5% "‘42.9 "07 ‘12503
~166.8 ~104.0 ~128.8 2727 -71.0 -3567
~107.8 3763 -2e2 -71.0 253.8 =20.1
-8603 '4205 -37549 '3“07 -20e1 60363
NONMECH. EFFECTIVE STRESS AND MOMENT N#oM#
~e123E+04 -+ 123E+04 . «404E-10
«176E+04 ~+176E+04 «S0SE+03

APPLIED MECHANICAL STRESS AND MOMENT RESULTANTS NeM

1.000 0.000 0.000
0.000 0.000 0.000
EFFECTIVE NONMECHANICAL‘STRAIN COMP.
-+113E-02 ¢ 328E-03 -e654E-03
ON AXIS STRAIN /STRESS COMPONENTS: PLY ORIEN. = 90.0
MECH/NONMECH LOWER SURF, UPPER SURF.
MECH 1 2
NONMECH. 3 4

1 «36TE~CE «133E-~04 -«503E=-05
2 -»848E-06 «114FE-04 ~e¢405E~-05
3 «240E-03 «111E-02 «654E~03
4 ~e63EE-04 «142E-02 «508E~03

- G e e WS SR R S W ER MR G W S G B N G A SN @R M W SSE N N S W WS R e NS WD G G D R M W GG WD G I G B G W G AR W W W R W e

1 «115E+02 «181E+02 ~e427E+01
2 -+939E+01 «151E+02 ~e344E+01
3 e 442E+04 «160E+04 «556E+03
4 ~e4T76E+03 «189E+04 «432E+03

R n e e P e R R e GD e e P S e e e N G M e G M LD e S W G SR G L G W MD N G S S M M S B e SR W G SR S S G L e A G R O e W W

TSAT WU FAILURE CRITERIA
STRENGTH RATIO R?: LOWER SURFe= «330E+03 UPPER SURFe= +366E+03
STRENGTH R# KSI ¢ LOWER SURFe.= 11174 UPPER SURFe= 12.396

- S WP MR W S G R G D S D GH e G YR NE R S EE G GRS G D G D G G D SN A S G R S G M Wn D S D S G L G W VR G A e Y N e G Em W M e
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EFFECTIVE NONMECHANICAL STRAIN COMP.

~¢821E-02 «239E-04 -«508E-03

ON AXIS STRAIN /STRESS COMPONENTS: PLY ORIENe = 90.0
MECH/NONMECH LOWER SURFe. UPPER SURF.

 MECH. , 1 2
NONMECH. 3 4
STRAIN COMPONENTS
1 - 848E~06 «114E-04 - 405E-05
5 -.206E-05 «9E5E-05 -«308E-05
3 —e636E-04 «142E=02 «508E-03
4 -e366E-03 «173E=02 «362E-03
STRESS COMPONENTS
1 -e939E401 W151E+02 —e344E4+01
2 - 302E+02 «121E+02 -e262E+01
3 - 4TEE+03 «189E+04 C432E+03
4 - 53TE+04 «218E+04 «308E+03
TSAI WU  FAILURE CRITERIA
STRENGTH RATIO R: LOWER SURFe= o366E+03 UPPER SURFe= «415E+03
STRENGTH R# KSI : LOWER SURFa.= 12,396 UPPER SURF.= 14.048
EFFECTIVE NONMECHANICAL STRAIN COMP.
-e515E-03 -.280E-03 -e362E-03
ON AXIS STRAIN /STRESS COMPONENTS: PLY ORIENe ==30.0
MECH/NONMECH LOWER SURF. UPPER SURF.
" MECH. 1 2
NONMECH. 3 4
STRAIN COMPONENTS
1 +532E-05 «217E-05 «116E-04
2 <4 02E-05 «3E9E-06 «105E-04
3 -.387E-03 W 174E-02 -e384E-03
4 ~e296E-03 «166E-02 " e21T7E-03
STRESS COMPONENTS
1 W8BTE+02 +509E+01 <986E+01
2 WBEEE+02 C213E+01 «BIEE+01
3 ~.569E404 W220E+04 -e32TE+03
4 - 4226404 W212E+04 «185E403
TSAT WU  FAILURE CRITERIA
STRENGTH RATIO R: LOWER SURFe= «747E+03 UPPER SURFez= «103E+04
STRENGTH R# KSI .2 LOWER SURFax 25,278 UPPER SURF.= 34,700




EFFECTIVE NONMECHANICAL STRAIN COMP.
~+208E-02 -«584E-03

ON AXIS STRAIN /STRESS COMPONENTS:

~e216E~03

PLY ORIEN. = 30.0

MECH/NONMECH LOWER SURFa UPPER SURF,
MECH. 2
NONMECH . 2 4
STRAIN COMPONENTS
1 «D84FE-05 -e¢145E=05 -« 843E-05
2 «371E=-05 ~e241E-05 ~e834E-05
3 -e483E-03 «184E-02 ~e433E~-03
4 ~e266E-03 e163E=02 -+88SE-03
STRESS COMPONENTS
1 «960E+02 «405E+00 ~e717E401
2 «£03E+02 -e176E+01 -« 70SE+01
2 -« 724E+04 «229E+04 -« 368E+03
4 ~e3T4E+04 «209E+04 ~e T5&F+03
TSAI WY FATLURE CRITERIA
STRENGTH RATIO R: LOWER SURFez- 127E404 UPPER SURFe= +164E+04
STRENGTH R# KSI ¢ LOWER SURF.= 42.843 UPPER SURF.= Eheb21
EFFECTIVE NONMECHANICAL STRAIN COMP.
«983E~-04 -+888E-03 -« 703E-04
ON AXIS STRAIN /STRESS COMPONENTS: PLY ORIEN. =-30.0
MECH/NONMECH LOWER SURFe UPPER SURF.,
MECH. 1 2
NONMECH. 3 4

S G M e R NN P MR e G Th N S SR S R S YR S S N T N D G T G R G MBS M G M e M G W G G e G e G e G W W R M e S e W M e e M ae An e

1 e273E-05
2 «144F-05
3 ~«205E-03
4 ~¢115E-02

-el44F~00
-e324E-05

«157E-02
«148F-02

«e947E~05
«841E~-05
«819E-03
«142E~02

i e G e e R S S I D R R e S AR W T KR R D G GA G G A G e W G K R G G G S GEE YR B S D G B G G WS e G e G G W HE G e W W

1 «445E+02
2 «224E402
3 ~e276E+04
4 -e129E+04

-« 832E+400
-« 379E+01

«203E+04
«195E+04

«805E+01
«715E+01
«696E+03
«121E+404

TSAI WU FATLURE CRITERIA
STRENGTH RATIO R: LOWER SURF.=
STRENGTH R# KSI ! LOWER SURFe.=

+145E+04

Sel47

UPPER SURFe= +198E+04

UPPER SURFe«=

674112

N S R Gy B NS G R S WS G T G Y GR N S R G R D D R Ui TP D SR G D D M G G e T WD RS M W G T G G R N WD WD M G DB WS B e R G e e N e W e

(Lo
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EFFECTIVE NONMECHANICAL STRAIN COMP. _ '
«405F~03 ~e119E~02 e 755E 04

ON AXIS STRAIN /STRESS COMPONENTS: PLY ORIEN. = 3040
. | MECH/NONMECH LOWER SURF. UPPER SURF.,
. MECH., 1 ' 2
NONMECH. 3 4

1 «157E=-05 ~e337E-0S -e825E~-05
2 ~+565E~06 ~e434E-05 ~-«817E-05
3 ~e492E~04 «141E-02 -e135E~02
4 «168E-0 , «120E-02 -+180E-02

e s BP R U e e G G G S D G W e G G e WM G D WD G G R G D G W G G e A T W A e A G M B S G ER G NS D AR MR G G e R e

1 e246E+02 ~e392E+01 -« 702E+01
2 -e111E+02 =e608E+01 ~e694E+01
3 ~e240E+03 «189E+04 ~e114E+04
4 «326E+04 «169E+04 T =e153E+04

TSAI WU  FAILURE CRITERIA _ '
STRENGTH RATIO R: LOWER SURFe= o202E404 UPPER SURFe= «226E+04
STRENGTH R# KSI : LOWER SURFe=  68¢%433 UPPER SURFe= 764599

D AN G e M EL G G S HD M R GG SR G G G ML e W S IS WE W G G G S I G R SR G N G G R e WD A M B SR W G W G D W S G S N M OB W A B AR
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S A L G S M B ED b SN G W W Y G T B SIS G S GG W SR G WS GG A IS WD G GD SN WS G D N S D G M M W G R M W G S WG SR e G MR G WD s e e

. G W e en e N M e R e M R R WS G D G G G G G MM MR EE G T AR TR MR W R MR e G M AN R W e G M M R G W e B e e G e G

NUMBER OF PLYS =

ANGLES OF PLY ORIENTATION
=4540 4540 29040

Ge0

IN DEGREES,

BOTTOM LAYER=1

NUMBER COF LAYERS FOR CORRESPONDING PLY ORIENTATION

1.0

1.

0 1.0

1.0
MATERIAL PROPERTY IDENTIFICATION NUMBER FOR CCRR.

PLY

1 1 1
TEMPERATURE DBT= -175.0000 MOISTURE= 0.000C0
ENGLISH UNITS
A B
B D
«142E406 «416E+05 -,582E-09 e 350E403 =-4,166E~+03 «S20F+02
e416F +05 «142E+06 eS582E-C® -~e166E+03 =-,183F+402 -923E+02
-e582E-09 «582E~09 «504E+05 «020E+02 e 920E+02 ~-.16EE+03
¢3508 403 -,166E+403 «920E+02 e642E+01 «135E+401 ~-,906E+00
~e166F+403 =4183E+02 e 920E+02 «135E+401 e27SE401 -.906F+00
«220E+02 e920E+02 -o16EE+02 -+906E+00 =-4906E£+00 ] 20F+01
A# B#
B O# l.E+0€6 PSI
702 201 ‘00 108 ‘.9 5
2e1 Te2 o0 ~e9 -e1 5
'00 00 2.6 -5 S -9
Sel 246 le4 10.1 el -les4
-206 -e3 104 201 4.4 -1-4
la4 le4 -2e6 -1le4 le4 2eb
SOME ENGINEERING CONSTANTSe ES IN 1.E+06 PSI
INPLANE 29 El1= 64611 E2= 64611 VZ1= 0292 E6= 2455
FLEXURAL:¢EF1= 8.796 EF2= 3,404 VF21= « 368 EF6= 2.0
ALPHA BETA
TRSBTA PELTA
0128E~04 =4444FE-05 ~.233E-0F -+111E-02 «111E~02 ~-4709E-03
~e444E-05 +916E~-05 =-4132E-05 “e558E-03 -.8559E~-03 -4401E-03
~e233E~-05 =4132E-05 «308E~04 «155E-03 =~-,153E-03 «334E-02
-el111E~02 «558£-03 «10EE-03 «279E+400 -4166E+00 «110E+400
e111E-02 =¢559E-03 -4153E-03 ~el166E+00 «562E+00 »173E+00
- 709F-03 -4401E-03 «334E-02 «110E+00 «173E+00 «117E+01
NONMECH. STRESS AND MOMENT RESULTANTS NoM
~e241E4+402 -e241E+02 «587E~12
«428E-01 ~e428E-01 «428E~01
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ALPHAH BETA#/3
TRSBTA# DELTAH 1.0E-09/PSI
25243 874 ~46.0 ~72.0 7240 ~4549
~8T7e4 18044 -25.9 3661 -36.1 ~2549
~46a0 ~259 6075 10.0 ~949 216.2
-215.9 10842 201 1778 -106.0 700
216.1 ~108.4 -29.7 -106.0 35840 110.2
~137.6 ~7T7.8 64846 70.0 110.2 T4Te7
NONMECH. EFFECTIVE STRESS AND MOMENT N#.M#
~¢123E+04 ~«123E+404 «298E-10
«661E+03 ~e661E+03 «661E403

O A e R N G S G R ML G MR M G TG R ST EI M SR G B SR G N W EE W M MR M G S R G SR G S N G G D G W R NS W SR R G W B Gk R e R AW e e

APPLIED MECHANICAL STRESS AND MOMENT RESULTANTS NeM

1.000 0s000 0.000
0.000 0.000 0.000
EFFECTIVE NONMECHANICAL STRAIN COMP.
~e693E-03 «283E~03 ~e487E-03
ON AXIS STRAIN /STRESS COMPONENTS: PLY ORIEN. =<45.0
MECH/NONMECH LOWER SURF. UPPER SURF.
MECH. 1 2
NONMECH. 3 4

. e m e e e - . T e S e e = e W Wm e e e e G e A e SV N TR M S e NS e W e R WU R S e G W G e e e o

- W N S e G Y Ty W S R S G A G S W R MR WD N R G G GW B W A G S M e WS G G G b S M G M R W G GE W WA I Gl R MmN R B B e e e G W

1 «185E-05 «GD1E~-05 «392E~04
2 «360E-05 «4T6E~0S «282E-04
3 ~«492E-04 «179E~02 ~e3T76E-02
4 -e232E-03 «197E~02 -«610E-03

- m e S e MR e L S EL G e WD e WD G L W e e M G e G e G G e s S P M G e G P M W SN G B NN O G S G G S G R A e S S W% W SR W e

1 «333FE+02 «SE3E+01 «333E+02
2 «615E+402 « 789E+01 «240E+02
3 -« B878E+02 «240E+04 , -eB830E+03
4 ~e304E+04 «257E+04 -«519E+03

S G e e A e S GE R M G G G e AR e WS G MR G D G UGN G P G R ) G G S M Gv e R W W D AR OR i B M A W GE W G P W G G T G S G e

TSAT HU FAILURE CRITERIA :
STRENGTH RATIO R: LOWER SURFe= o279E+403 UPPER SURFe= «357E+03
STRENGTH R# KSI ! LOWER SURFe= 144160 UPPER SURFe= 18.138

P h D T s S M S D G W R G R e B G RN e N me A G W G G e G R BB O G e e e D W T MG R G G M W M W W W MmN e G N G e aa W
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EFFECTIVE NONMECHANICAL STRAIN COMP.

~¢511E-02 «S90&E-04 -e122E-03
ON AXIS STRAIN /STRESS COMPONENTS: PLY ORIEN. = 45.0
MECH/NONMECH LOWER SURF. UPPER SURF.
NGNMECH. 3 4
STRAIN COMPONENTS
1 «4T76E-C5 «360E-05 -a282E~-04
2 e 202E=-0C «535E-05 -«172E-04
3 ~e354FE=03 e2l0E-02 «610E~03
4 -+¢171E~03 «191E-02 e244E-03
STRESS COMPONENTS
1 «801E4+02 «679E+01 ~e240E+02
2 «520E+02 «845E+01 ~«147E+02
3 -«500E+04 e 269E+04 «519Ec+03
4 -a205E+04 «251E+04 «208E+03
TSAI WU FAILURE CRITERIA
STRENGTH RATIO R: LOWER SURFe=z «371E+03 UPPER SURFae= +450F+03
STRENGTH R# KSI ¢ LOWER SURF.= 18,835 UPPER SURFa= 2..828
EFFECTIVE NONMECHANICAL STRAIN COMP.
~e328E-03 -~e833E-04 «244E-03
ON AXIS STRAIN /STRESS COMPONENTS: PLY ORIEN. = 90,0
MECH/NONMECH LOWER SURF. UPPER SURF.
MECH. 1 2
NONMECH. 3 4
STRAIN COMPONENTS
1 -e444E-05 ¢e128E-04 «233E-05
2 «e105E~05 e 733E~-05 «583E-05
3 -e171E~03 «e191E~02 - 244E-03
4 -e354E-03 «e210E-02 -e610E~-Q03
STRESS COMPONENTS
1 -+68l1E+02 e 15SE+02 «198E+01
2 «203E+02 «103E+02 «495E+01
3 -~e205E+0¢4 e 251E+04 -+208E+03
4 -~«500E+04 o 269E+04 ~e519E+03
TSAI WU FATLURE CRITERIA
STRENGTH RATIO R: LOWER SURFa= #297E+03 UPPER SURFe= e462E+03
STRENGTH R# KSI ¢ LOWER SURF.= 15.09% UPPER SURFe= 23,466




EFFECTIVE NONMECHANICAL STRAIN COMP. -

- 145F-03 ~e266E-03 e610E-03
ON AXIS STRAIN /STRESS COMPONENTS: PLY ORIENe = 040
MECH/NONMECH LOWER SURFa UPPER SURF.
MECH. 1 2
NONMECH. . 3 4
STRAIN COMPONENTS
1 T33E-05 «105E-05 - «583E-05
2 «185E-05 e 653E =05 -e932F-05
3 ~e232E-03 ¢197E~02 e610F=03
4 ~e492E-04 «179E=-02 «976E-03
STRESS COMPONENTS
1 w121E+03 C43IBE+01 -~e495F+01
2 W332E402 «OSTE+D1 ~e792E+01
3 -~ 304F+04 25TE+04 e519E+03
4 -878E+02 ¢ 240E+04 e830E+03
TSAI WU FAILURE CPITERIA
STRENGTH RATIO R: LOWER SURFe= +934E+02 UPPER SURFe= o517E+03
STRENGTH R# KSI : LOWER SURF,.= 474422 UPPER SURF.= 26¢242
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VI. Engineering constants plot:
To replace material properties of the first two materials in the

program and use the first material to compute effective modulus
matrices for (0/90/04)s laminate, and plot engineering constants
for (9/90/+ ¢2)s laminates, ¢ varies from 0° to 90°.

Input data:

NEWMTRLS
SLAMDATA NNM=24EX=185¢9220a9EY=1102¢1045¢VX=0e29¢40431¢
ALFX=12e5911 a9 ALF YT = Bgme3¢yBTAX=2%0,¢BTAY=240,¢X=14004¢
130069XD=140009130009Y=35e932¢YD=23009210e9S=2*7549SH=2%,125E+3 ¢
LAMINATE INPLANE
PURE DIMENSIONL PLTONE ENGCPLT
PLOT FOR ENGINEERING CONSTANTS OF (0/90/F./-F ) - |
T300/5208 SI 2" 2 .
SLAYER NNL=BoTH=06¢990e90e90e90e90e990eo0esPLNMZ221 49470
2*le9DT=0eeC=0soNLDCN=1 %

THEEND
Output:
PLCT “0R ONGINEZRING CONSTAKTS OF (0/90/5/-6&6-LAMINATE
NUMEBER OF PLYS = &
ANGLES OF PLY ORIENTATION IN DEGXEESs BOTTOM LAYER=1
Cad 90e2 Gl Gel %al Uel 9040 040
NUMEZIR OF LAYERS FOR CORRESPONDING PLY ORIENTATION
100 1e0 240 2¢G 243 240 140 1.0
MATERIAL PROPERTY IDENTIFICATION NUMBTR FOR CORR. PLY
1 1 1 1 1 1 1 1
TEMFERATURE DT= 60000 MOISTURE= 0.0000

ST UNITS

A G G A L W e WA M G e W b R, B B G D G e MR G G M MT e G e e SR M W R N AR M BB e e G R T A e S N e B R W S e M W A v e ae

A o]
b 0
e 2390405 «4905+07 G A GTF-GY «H4460~-11 Ue
s GCOE+TT +E0BT+08 G e D46 -11 «1152-09 O
O J0e - «108BE+08 N 0. «1828-10
o40T7L~-0% oB46E-11 0o «354F+02 «e51leE+00 O
LGt -21 e 116E-0Y 0 «518E+00 «170E+02 0.
0. O «182E-10 Qe 0 «2l2E+01

e e W A e G M e e SR N i WD G MR MR BN W NN W e G S e MR G G R G M D e Wy M e W G G e T M e N S W M S e e W B e e e G e W e e

FLOTS FOR ENGINECERING CONSTANTS DRAWN
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VII;‘ Fallure envelopes for a pure oxr hybrld symmetric lamlnate on the
basis of Tsai Wu failure criteria in strain space, F‘§ = -.5.,
1.  (0/90/+30)  pure 7300/5208 laminate.

2. (0/90/i30) hybrld laminate 0° and 90° plies 7300/5208 and -
+ +30° plies KEVLAR 49.

Input data:

LAMINATE INPLANE _ ' o
PURE = . STRNGTHPLTPLTYSTART

t6/790/30/-30) SYHMETRIC LAHINATE FAILURE SURFACE TSAI UU FSXYZ==1e/24
T300/5208

$LAYER NNL= SQTH 0.’90-’30.1-30-9'30.930.993-,0.9?LNH =8*1ley

DT= 0.9C 0.9 NLDCN=1 . §

TSAT WU  STRAIN .. =05
LAMINATE INPLANE -
HYBRID STRNGTHPLTPLTEND

'(0/790/30/~ 30) SYM. LAMINATE FAIL. ENVELOPES TSAI WU FSXY==1/2. HYBRID.
SLAYERS NNL=8¢LMPI=2%1942542%19TH= o.,90..30..2*-30..30..90..0..
PLNM=8#*1.y IUNIT=1, DT= 0., c=0, NLDCN—l $

TSAI WU ~ STRAIN , : ~0e5

THEEND o - : -

€0/90/30/-30) SYMMETRIC‘ LAMINATE FAILURE SURFACE TSAI WU FSXY==1./2

- - - e - - - - G W WS S Ve e e Am A W MR W M R R G S M S e AN B R N W N e W GW e W MW e W =S e G G Gm e e e B e W

"NUMBER OF PLYS = - 8

ANGLES OF PLY ORIENTATION IN DEGREES’ BOTTOM .LAYER=1
0e0 9060 30e0-3040-3040 300 9040 040

NUMBER OF LAYERS FOR CORRESPONDING PLY ORIENTATION
1e0 1e¢0 1e0 140 1e0 160 10 140

MATERIAL PROPERTY IDENTIFICATION NUMBER FOR CORR. PLY

11 1 1 11 1 1
" TEMPERATURE DT= 040000 MOISTURE= 0.0000
S SI UNITS

—————————————————————————————————————————————————————— LN R

 FAILURE SURFACE FOR THIS LAMINATE HAS BEEN PLOTTED

' Note: LMPI in 1nput data card number 11 represents the material .

property identification number of each laver in the
laminate.
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S N OH Gn e e S e R S D D VS D e Gl G R m G G MR TR WS M G SR W A MR VR S G G W R G M W R N e e S T G O e N G G e G G e

NUMBER OF PLYS = 8

ANGLES OF PLY ORIENTATION IN DEGREESs BOTTOM LAYER=1
0e0 9040 3040-3040-3040 3040 90.0 040 ,

NUMBER OF LAYERS FOR CORRESPONDING PLY ORIENTATION
1s0. 140 180 140 140 1e0 140 140

MATERIAL PROPERTY IDENTIFICATION NUMBER FOR CORRe PLY

1 1 5 5 5 9 1 1
TEMPERATURE DT= 0.0000 MOISTURE= 0.0000
SI UNITS.

S W G M N WS S NS W MR W R D GG e G0 G G R e Em e RN G M WD G R e G IS W S S G e 4 W WD D N Y R M W e S ME WD M ED M SN G e s e W M e

FAILURE SURFACE FOR THIS LAMINATE HAS BREEN PLOTTED
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VIII. Failure surfaces for different laminates in one figure:

In this illustration the failure envelopes of 9° laminate on the
basis of six failure theories are given for T300/5208 material,
using the option of SUPERPOSE and MULTICURV.

Input data

LAMINATE INPLANE :
PURE STRNGTHPLTPLTSTART

0 DEGREE LAMINATE T7300/5208 MATERIAL TSAI WU FSXY==.5
TI00/5208 '

SLAYER NNL=19TH=140e¢sPLNM=1%TayDT=009¢C=0e9NLDCN=1 $

TSAT WU STRAIN SUPERPOSE =45 MULTICURYV
LAMINATE INPLANE '
PURE STRNGTHPLTPLTFOLLOW
-0 DEGREE LAMINATE T7300/5208 MATERIAL CHAMIS
T300/5208
SLAYER MNL=1eTH=1#04sPLNM=1%1,90T=06e9¢C=0,¢NLDCN=1 §
CHAMIS STRAIN SUPERPQSE =47 - MULTICURYV
LAMINATE INPLANE ,
PURFE ' STRNGTHPLTPLTFOLLOW
0 DEGREE LAMINATE T300/5208 MATERIAL HOFFMAN
T300/5208
SLAYER NNL=19TH=1%0eoPLNM=1%1.9¢DT=0e9C=0coNLDCN=1 &
HOFFHMAN STRAIN SUPERPOSE MULTICURYV
~ LAMINATE INPLANE
. PURE STRNGTHPLTPLTFOLLOY

0 DEGREE LAMINATE T300/5208 MATERIAL HILL CRITERIA
TX00/5208
$LAYER NNL=14TH= I*U.QPLAN 1*%1e¢DT=0e9C=0eoeNLDCN=1 $

HILL STRAIN : ’ SUPERPOSE MULTICURV
LAMINATE INPLANE ‘
PURE : STRNGTHPLTPLTFOLLOW

0 DEGREE LAMINATE T300/5208 MATERIAL MAXSTRAIN CRITERIA
T300/5208
SLAYER NNL=1¢TH=1%0,9¢PLNM=1%1,9DT=04¢C=0e9NLDCN=1 §

- MAXSTRAIN STRAIN SUPERPOSE : MULTICURY
LAMINATE INPLANE ' '
PURE STRNGTHPLTPLTEND

0 DEGREE LAMINATE T7300/5208 MATERIAL MAXSTRESS CRITERIA
T300/5208

$LAYER NNL=Z1aTH=1%0e¢PLNM=1%1e¢DT=0eeC=DegNLDCN=1 § .
MAXSTRESS STRAIN SUPEFRPOSE MULTICURY
JHEEND ' '

Output: Figure A-5
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t
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Laminate on the Basis of Different Failure Theories.

Failure Envelopes for T300

Figure A-5
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IX. Pailure envelopes for (0/90/i30)s laminate in different

spaces on the basis of Tsai Wu failure criteria, F;Y = -.5.

1. gr - stress space

2, gr - strain space
. 3. principal stress space
Input Data:
LAMINATE INPLANE B .
: PURE ' o STRNGTHPLTPLTSTART
€0/90/30/-30) SYMMETRIC LAMINATE TSAI WU~STRESS Q@GR
(:) 130075208
SLAYER NNL= 8’TH 00!90-9300"300"‘300'30.990090-’
PLNM=8%1,40T=0s9C=0s oNLDCN=1 §
. TSAI WU STRESS @GR . -0e5
— LAMINATE INPLANE
PURE STRNGTHPLTPLTFOLLOW
(:) . €0/90/30/-30) SYMMETRIC LAMINATE TSAI WU- -STRAIN QR
T300/5208
SLAYER NNL=B¢TH= 00990-’30."3009'30.’30¢990¢90.9
PLNM=8%1,9DT=0e9C=0e9NLDCN=1 $
. TSAI WU STRAIN QR : .-0.5
: LAMINATE INPLANE
PURE STRNGTHPLTPLTEND -
<:> (0/90/30/-30) SYMM. LAMINATE TSAI WU= SKFRESS SPACE
130075208
$LAYER NNL B’TH 00'90.'30."‘300"3009300'90.'00.
PLNM=8%1.9DT=049C=0+9NLDCN=1 §
__ TSAI WU STRESS =05

THEEND

Output: Figures A-6 through A-8.
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X. Laminates consisting of more than three orientations: -

1. Failure envelopes of 0°, 30° and 60° layers in a
~ (0/+430/+45/+460/+75/90) _ laminate. ‘

2. Fallure Envelopes of 45°, 75° and 90° layers in a
(0/130/_-!:45/150/:_!-_75/90)s laminate.

'3,  Failure envelopes of 0°, 30°, 45°, 60°, 75° and 90°
~ layer of the aforementioned laminate.

~Input data:

LAMINATE INPLANE
" PURE ' « STRNGTHPLTPLTSTART
(0/30/60/45775/90/-15/~45/-60/-30) SYM LAM. FAILURE SURF.
" 130075208
" SLAYER NNL=204TH= o..so..60.,45..75..90.,-75..-45., 60e9-300y
‘3009'60.’ 4S5, "75.’900!75.945. ’6009300900,
PLNM=20%1e9DT=0esC=0.9¢NLDCN=1 3

TSAT WU  STRAIN | ' ~e5
LAMINATE INPLANE = : |
"PURE " STRNGTHPLTPLTFOLLOW

€0/30/60/45/75/90/-75/-45/-60/-30) SYM LAM. FATILURE SURF.
1300/5208 ‘
SLAYER NNL=204TH= 45.975.190.10.v30-960.9

~60e9-3009-7549~4509=4509~7509-3009-60096009300900930¢975694549

PLNM=20%x149DT=0eeC=0.9¢NLOCN=1 '3

TSAT WU STRAIN ~e5
LAMINATE INPLANE . : '
PURE ~  STRNGTHTLTPLTEND

' (0/30/60/45/75/90/ 75/-45/-60/-30) SYM LAMe FAILURE SURF.
T300/5208 '

"~ S$LAYER NNL= 20gTH 0-930.,60..45o975.990.9 75-9-4509-60-0-30.’,
‘30."'6009"450"75.’900975.9450’600 930.’0.'
PLNM=20*1e9DT=0e¢C=0.¢NLDCN=1 $

TSAT WU STRAIN ' SUPERPOSE =45

THEEND

Output: Figures A-9 through A-11.
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XI. Failure envelopes for (0/90/_—!_-_45)s - laminate made of T300/5208

graphite epoxy material on the basis of six failure theofies in

principal stress and principal strain spaces.

Input data:
LAMINATE  INFLANE

8%]14aeDT=009¢C=04se

8*1eeDT=0eol=00y

8%1 4aDT=0e9C=0s0

PURE STRMGTHPLTPLTSTART
©(2/90/85/7-45) LAMINATE
T300/5208
SLAYER NNLZRwTHZ 00 9Tl e slT e 92 %=45 o 94T ¢ 904904 yPLNME
NLDCHN=1 ¢ -
TSAT WU STRFSS : -5
LAMINATE  INPLAME '
PURE STRNGTHPLTPLTFOLLOW
. (0790745 /=-45) LAMINATE
T300/520¢8
SLAYIR NNL=ZCeTHZ 00000004 e n2%=65,44454990090e¢PLNM=
NLDCR=1 & :
TSAEI WU STRAIN . ' -5
LAMINATE INPLANE .
PURE ‘ STRNGTHPLTPLTFOLLOW
(0/30/45/-45) LAMINATE
T306/5206 ‘
$LAYER NNL:SUTH:OOQQD;QQSQ92*’45.’450990o’Oa'PLNN:8*1QQDT=DQQCZOQ9
NLDCN=1 ¢
CHAMIS STRESS : -7
LAMINATE INPLANE :
PURE o STRNCTHPLTPLTFOLLOW
(0/20/45/-45) LANINATE
T300/52¢00 , :
$LAYER NNL:8§TH:8099OI145092*‘45.945-990.!00QPLNM:
NLDCN=1 ¢ ‘ ‘
CHAMIS STRAIN -7
LAMINATE INPLANE , |
PURE STPNGTHPLTPLTFOLLOW

(0/90/45/-45) LAMINATE
T3¢C0/%208

FLAYER NAL=84TH= 0o e30e 94492 %=4C ¢ 945,990 e90agPLNM=

NLDCN=1 ¢
HOFFMAN STRESS . Oe
LAMINATE  INPLANE
PURE ' o STRNGTHPLTPLTFOLLOW
(0/S50/4E/-45) LAMINATE
T300/5208
 SLAYER NNL=89TH=04090e945¢92%=45,444%,930690,9PLNM=
NLOCN=1 4
HOFFMAN STRAIN O
LAMINATE INPLANE
PURE STRMGTHPLTPLTFOLLOY

(0/90/45/=45) LAMINATE
T300/5208
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FLAYER MNL=C9¢TH=0e 9500 e84 e92*%=4% 494509300900 ¢FPLNM=8%1,9D0T=0a9C=00s
NLOCN=1 ¢
HILL STRESS
LAMINATE  INPLANFE
PURE STRNGTHPLTPLTFOLLOW
(0/790/745/-45) LAMINATE
T300/520¢
SLAYER NNL=€9THZ 009 e 94 ¢92%=6%,4454990090¢ 9PLNM=8%1494DT=0s9C=00s
NLDCN=1 %
HILL STRAIN
LAMINATE  INPLANE
PURE STRNGTHPLTPLTFOLLOW
(0/90745/7/-45) LAMINATE
T330/5208
SLAYER NNL=ZRyTH=00 90900 945492%=-454945¢990e9069PLNM=8%1490T=0e9C=Cay
NLDCN=1 &
MAXSTRAIN STRESS
LAMINATE INPLANE
PURE STRNGTHPLTPLTFGLLOW
(N/90/745/-45) LAMINATE
T3a0/5208
FLAYER NML=84TH=00950094Ce¢92%~45,9454430090aePLNM=8%149¢DT=0e9C=00s
NLDCNMN=1 ¢
MAXSTRAIN STRAIN

LAMINATE  JINPLANE
PURE STRNGTHPLTPLTFOLLOW

(0/90/45/-45) LAMINATE
T306/520¢
SLAYER MNL=BgTHZ 00090094 e 92+%~4C 00454945009 0ea9PLNMT84%]149DT=049C=00s
NLDCN=1 &
MAXSTRESS STRESS
LAMINATE  INPLANE
PURE STRNGTHPLTPLTEND
(0/90/74%/-45) LAMINATE
T3no/5208
SLAYER MNL=ByTH=00o99Ca945e92*%~454945¢9900a90esPLNM=8*10¢DT=0e9C=0us
NLDCN=1 %
MAXSTRESS STRATN
THEEND

Output: Figures A-12 through A-23.
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XII. Change of Scale: ‘ . ‘Aﬁ

The scale of the coordinate axis of Figure (A-18) has been reduced
to 1/2 by the use of FCTRS.

Input data:

LAMINATE INPLANE

PURE | STRNGTHPLTPLTONE
(0/90/45/-45) LAMINATE

T300/5208 |

SLAYER NNL=89TH=009900945692*%=454945.99009009PLNM=8%149DT=0e9C=04y

NLDCN=1 $

HILL STRESS o e
THEEND _

Output: Figure A-24, -
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XIII. Reduce the size of the Figure A-23 to 75% ﬁsing FCTRF command.

Input data:

LAMINATE INPLANE
PURE - STRNGTHPLTPLTONE

(0/90/45/-45) LAMINATE

130075208 o | |
SLAYER NNL=89THZ0¢990e945092%~45¢9450990e900sPLNH=8%104DT=009C=04yNLDCN=1

. HILL - STRESS . D 75

Outputﬁv
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Figure A-25: Failure Envelopes for (0/90/145)5_-‘Laminate of

T300/5208 Material in Stress Space on the Basis
of Hill Criterion. Figure Size of A-23 Reduced

to 75%.
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L1

VI

L

XIV. Failure surfaces for isotropic materials:

1. Isotropic material with v = .5 and X' = X, ¥' = Y, in
principal strain space for F£§ = -0.5
2. Isotropic material with v = 0, (0.5) and X' = X, ¥' =Y, in
principal stress space for F;Y =0, (-.5).
3. Isotropic material with v = 0 and X' = X, Y' = Y, in
principal stress space, F;y = -,5,
4. Isotropic material with v = 0, (.5) and X' = 2X, Y' = 2Y,
in principal stress space for F§Y = -.5, (0).
Input data:
NEWMTRLS &1
SLAMODATA NNM:4’EX:4*69¢9EY:4*690QVX:OGQOSQ OegeDy
ES=34e¢5423e¢934eC923 09 ALFX=4%0egALFY=4%x0e¢RTAX=4*04us
BTAY=4%0 49 X=4%400e9X0=2%400e92*800e9Y=4x4004y
YO=2%400e92+800e95=4*23044SH=,00012% %
LAMINATE INPLANE
PURE STRNGTHPLTPLTSTART
Ve B¢ X=XD
B4/5505
$LAYER NNL=19¢TH=0eoPLNM=1e9DT=0e9C=0e9NLDCN=1 $
TSAT WU STRAIN SUPERPOSE =45 0e S
LAMINATE INPLANE
PURE ' STRNGTHPLTPLTFOLLOW
V=0 e X=XDeFSXY==,5
T300/%208 :
SLAYIR NNL=19TH=0eoPLNM=149¢DT=0s9C=0eogNLDCN=1 $
TSAT WU STRESS SUPERPOSE =~-e5 MULTICURV Q.25
LAMINATE INPLANE
PURE STRNGTHPLTPLTFOLLOW
VoeDeXzXDUgFSXY=e0
B4s55G5
SLAYER NNL=1¢TH=00w ¢PLNM=10e¢DT=049C=00¢NLDCN=1 3
TSAI WU STRESS SUPERPOSE 0.0 De2b
LAMINATE INPLANE
PURE STRNGTHPLTPLTFOLLOW
V=09 X=XDgFSXY==~45
T300/52¢C% :
$LAYER NNL=1¢TH=0«sPLNM=1494DT=049C=0.9NLDCN=1 $
TSAI WU STRESS SUPERPOSE -5 0e25%
LAMINATE INPLANC
PURE STRNGTHPLTPLTFOLLOW
VEQ0 4 XD=2X¢FSXY=~,5
AS/35C1
$LAYER NNL=1¢TH=0e¢PLNM=1e¢DT=0u09C=0eyNLDCN=1 $
TSAI WU STRESS SUPERPOSE ~e5 MULTICURV 045
LAMINATE INPLANE
PURE STRNGTHPLTPLTEND
V=e5¢XD=2X+FSXY= 0.0
SCOTCHFLY
$LAYER NNL=19TH=0esPLNM=14eDT=0s9C=0osyNLDCN=1 $
TSAI WU STRESS SUPERPOSE 0.0 0«5
THEEND

Output: Figﬁres A-26 throﬁgh A-29.
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Failure Surfaces for an Isotropic

Material in Principa
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Figure A-28: Failure Surface for an Isotropic_
’ Material in Principal Stress Space,
v = 0.
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'

CURRENT AFWAL/MLBM LAMINATE PROGRAMS

MAY 1983
) A Q - g - n
= o w N w rl)_, a w - = o =
Exc-|Z28E8|2B|25|8|85|8 8|z 8|2w|es
N R S R EE AR ER R BRI EE B
S 3 |EG|ER|ISRESENZEREZ s |72
v > X o
T (o]
FORTRAN
DC) X | x jrelx Vx| a0 X | x
Ti CC-40 X 16 | 16 | 16 16 | 16 |14,15] 16
T)-59
W/ comBO cARDS | % xpxpl s X u
APPLE TI x | x 13! x| x 16|12 X
TIMEX 1000
(+16K) X B
TRS-80
bosy X X | x |1 5 | 13 X
SHARP PC-1500 | « | x |1 58| 13 .
(+8K)
EPSON HX-20 X X | x |1 89| 13 ] 14 ] X
PANASONIC
X
HHC (4K) X XXl >
1. QUADRATIC (TSAI-WU) FAILURE 7. TIMEX/SINCLAIR COMPATIBLE
CRITERION PRINTERS
2. REPORT IN PROGRESS INCLUDES 8. ALSO PLOTS FAILURE SURFACES
a. CHAMIS
b, HOFEMAN 10. PUNCHED CARDS/MAG. TAPE
. HIL 11. REQUIRES CUSTOM AFWAL/MLBM
d. MAX STRESS ROM MODULE AND MAG. CARDS
3. MAX STRAIN FAILURE CRITERION 13. AUDIO CASSETTE TAPE
4. LINE PRINTER AND CALCOMP
FAILURE SURFACE PLOTS 14. IN-PLANE LOADS ONLY
5. PRINTING CRADLE 15. BALANCED LAMINATES ONLY
6. 80 COLUMN PRINTER 16. PROGRAMMING IN PROGRESS

* ALSO AVAILABLE ARE DISKS CONTAINING PROGRAMS TO ANALYZE BEAMS, SHAFTS,
PRESSURE VESSELS, MOISTURE ABSORPTION AND DESORPTION, CURING OF EPOXY-MATRIX
COMPOSITES, AND LIFE PREDICTION (COMING SOON).
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